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1.0 Screening of ring expansion conditions

Table S1: Further details of screening studies.

Mo s _COsBn
FQ? Pd source, ligand \32
N" "CO,Bn solvent, additive N Me
Ph 7b L|:!h 8b
Entry Pd source? Ligand Additive(s) (equiv.) Yield/ 5 E/Z ratio
o]

10 Pd(OAC) PPhs TFA.PrNH 30 2.25:1
2 Pd(OAC) PPhs TFA.PrNH <1 <2:98
3kl Pd(OAC) PPhs TFA.PrNH 53 73
4 Pda(dba)s PPhs TFA.PrNH 55 <2:98
54l [Pd(allyl)CI]. PPhs TFA.PrNH 3 <2:98
6l Pda(dba)s P(OPh)s TFA.PrNH 40 15:85
714 [Pd(allyl)CI]. P(OE)s TFA.JPrNH 20 <2:98
gldl Pd:(dba)s P(OEt)s TFA, morpholine (1:0.4) 72 9:1
gldl [Pd(allyl)Cl]2 P(OEt)s TFA, morpholine (1:0.4) 78 (64) 1:1
10 [Pd(allyl)Cl]2 P(OEt)s TFA, morpholine (1:0.4) 75 65:35
11 [Pd(allyl)Cl]2 PPhs TFA, morpholine (1:0.4) 57 13:87
12 [Pd(allyl)Cl]> P(OEt)s TFA, piperidine (1:0.4) 15 <2:98
13 [Pd(allyl)Cl]> P(OEt)s TFA, N-Me morpholine (1:0.4) <1 <2:98
1414 [Pd(allyl)Cl]> P(OEt)s TFA, ethanolamine (1:0.4) 20 <2:98
15 [Pd(allyl)Cl]> P(OEt)s MsOH, morpholine (1:0.4) 59 7:93
164 [Pd(allyl)Cl]> P(OEt)s 2,4-DNBA, morpholine (1:0.4) 23 <2:98
171 [Pd(allyl)Cl]> P(OEt)s TCA, morpholine (1:0.4) <1 <2:98
18 [Pd(allyl)Cl]> P(OEt)s PhCO2H, morpholine <1 <2:98
191 [Pd(allyl)Cl]> P(OEt)s TFA, morpholine (1:0.2) 32 <2:98
200 [Pd(allyl)Cl]> P(OEt)s TFA, morpholine (1:0.6) 59 1:4
214 [Pd(allyl)Cl]. P(OED)s TFA only (1) <1 <2:98
2214 [Pd(allyl)Cl]2 P(OEt)s Morpholine only (0.4) <1 <2:98
230 [Pd(allyl)Cl]2 P(OEt)s MsOH, morpholine (1:1) 70 85:15
2419 [Pd(allyl)Cl]2 P(O'Pr)s TFA, morpholine (1:0.4) 17 <2:98
2514 [Pd(allyl)Cl]2 PCys TFA, morpholine (1:0.4) <1 <2:98
2619 [Pd(allyl)Cl]2 BINAP TFA, morpholine (1:0.4) <1 <2:98
2719 [Pd(allyl)Cl]2 DPEPhos TFA, morpholine (1:0.4) <1 <2:98
2814 [Pd(allyl)Cl]2 dppbz TFA, morpholine (1:0.4) <1 <2:98
29l [Pd(allyl)Cl]2 dppp TFA, morpholine (1:0.4) <1 <2:98
300 [Pd(allyl)Cl]2 XantPhos TFA, morpholine (1:0.4) 4 <2:98

—

Results from main

manuscript

Variation of amine

Variation of acid

Variation of stoichiometry

Variation of ligand

2 Reactions employing Pd(OAc). employed 10 mol% catalyst whereas 5 mol% was used for both [Pd(allyl)Cl]. and Pd2(dba)s. ® Determined by *H NMR against
internal standard, with isolated yields in parentheses. ¢ Performed in 1,4-dioxane at 100 °C. ¢ Performed in CHCl. at 40 °C. ¢ Performed in MeCN at 80 °C. TFA
= trifluoroacetic acid, 2,4- DNBA = 2,4-dinitrobenzoic acid, TCA = trichloroacetic acid.
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2.0 Preliminary mechanistic studies and in situ cycloaddition reactions

Reaction of product 8b under standard reaction conditions.

CO,Bn Me
(& [Pd(allyl)Cl],, P(OEt); &
N morpholine, TFA, DCM N CO,Bn
L Me 40°C L
Ph Ph
7b
8b 7%
E/Z = >95:5

Unsuccessful trapping of intermediates using acetic anhydride.

CO,PMB

[Pd(allyl)Cl],, P(OEt)3 90% conversion
N" "COPMB L oroholine, TFA, DCM N ye | Noacetamide
PMB 40 °C PMB formed
Te 8e

Effect of electron density on reaction conversion at fixed time points.

CO,CH,Ar  Conversions:

Me
\ N t=25h
[Pd(allyl)Cl],, P(OEt); Ar=4-MeOCgH, 76%
N CO,CH,Ar morpholine, TFA, DCM N™ “Me Ar = Ph 56%
40 °C
Ar time Ar
S1 S2

Reaction of E/Z mixtures of 7b (from recovered starting materials).

CO,Bn

Me \
N 25h
Pd(allyl)Cl],, P(OEt ]
Q}C%Bn [Pd(a Y.) l2, P(OEt) Q 55% conversion
k morpholine, TFA, DCM N™ “Me 5F/Z =793
7b>Ph 40°C sbkph
E/Z=27:73

S3

t=15h
Ar = 4-MeOCGH4
Ar =Ph
Ar = 4-CF3CGH4
Ar = 4-N0206H4

87%
78%
34%
10%




In situ trapping via [3+2]-cycloaddition reaction.

Ph
MeO. _N__TMS
15
Me [Pd(allyl)Cll,, P(OPh); PMBOC ~ngp CO,PMB
\ morpholine, TFA N
N DCM, 30 °C ~H or
N\pCO2PMB I\II e N me
A) Conversion without 15: 93% 16P£A$90/ zzﬂioc/
B) Conversion with 15: 100% ° °
Me Hy
\
Ok s
N~ TCO,PMB 3
PMB
Z-Te
Crude A
H, We
\
H,
N~ TCO,PMB
PMB
E-7e |
Crude B
PMBOC  —~npn
l/ .-;;'I
Ly
TN
| Me
FMB 17
12 1 10 9 B 7 B 5 4 3 2 1 0 1 2

f1 {ppm)
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Crude *H NMR spectrum under conditions A
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3.1 General Materials, Methods and Instrumentation

All palladium-catalysed processes were carried out using Schlenk technique under argon using either
commercially available dry DCM at 42 “C or dry MeCN at 80 "C unless stated otherwise. Chemicals
were obtained from commercial sources unless otherwise stated. DCE, THF, and toluene were dried
over activated 3A molecular sieves for 3 days prior to use. Column chromatography was performed
using 40-60 mesh silica powder. NMR spectroscopic analysis was performed using Jeol ECS 400 MHz
instrument. Chemical shifts are reported in & ppm. *C NMR are referenced to solvent as internal
standard (CDCIs; or DMSO). Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, p = pentent, h = hextet, hpt= heptet, dd = doublet of doublets, dt =
doublet of triplets, td = triplet of doublets, tt = triplet of triplets, ddt = doublet of doublet of triplets, ddd
= doublet of doublet of doublets, m = multiplet), coupling constants (Hz), and integration. Mass
spectrometry analysis was performed using via electrospray ionisation in methanol.

3.2 Preparation of phosphonium salts and 4-methoxy benzyl bromide

Compound S3: Ethyltriphenylphosphonium bromide

~>pphyar A 0.5 cm thick glass tube was charged with triphenylphosphine (4.50 g, 17.4 mmol),
EtBr (2.7 mL, 36 mmol) and toluene (7 mL). The tube was sealed and heated to 110 °'C

for 17 h. The mixture was cooled to rt, the solids were filtered off and washed sequentially with toluene,

hexane and ether (20 mL each) under a stream of nitrogen. The solids were dried under reduced pressure

afforded product as fine white powder (6.0 g, 93%).

Compound S4: Benzyltriphenylphosphonium bromide
PPh,Br Following a literature procedure,® a stirred solution of PPhz (4.00 g, 15.3 mmol)
O/\ and BnBr (1.5 mL, 13 mmol) in toluene (50 mL) were heated to 80 °C and stirred
for 16 h. The mixture was allowed to reach rt and the white solid filtered off. The
solids were washed with ether (60 mL) followed by hexane (60 mL) then dried under reduced pressure
at 40 "C for 30 min afforded product as white crystalline solid (5.7 g, 100%). All spectra data was in
accord with that reported.t

Compound S5: Phenylethyltriphenylphosphonium bromide
PPh,Br Following an adapted procedure,? a stirred solution of PPh; (4.7 g, 18 mmol) and
2-bromoethyl benzene (2.4 mL, 18 mmol) was refluxed in toluene (64 mL) for 4
©N days. The mixture was allowed to cool to rt and solvent decanted off. Hexane
(50.0 mL) was added with stirring and cooled to 0 "C. The mixture was stirred for 15 mins before
decanting hexane off and scratching at the gum with a spatula to induce mobility. This process was
repeated once more. After decanting hexane, the gum-oil was dried under reduced pressure causing it
to expand. The gum was scratched with a spatula vigorously and dried under reduced pressure at 45 °C.
After 5 scratching/evaporation cycles, product was obtained as white crystalline powder (5.3 g, 66%).
All spectra data was in accord with that reported.?

Compound S6: Isopentyltriphenylphosphonium bromide
Following an adapted procedure,® to a stirred solution of PPh; (4.90 g, 18.7 mmol)
)\/\PPhp,Br in toluene (30 mL) at rt, in a flask fitted with a dry reflux condenser under nitrogen,
1-bromo-3-methyl butane (4.7 mL, 39 mmol) was added dropwise. The mixture
was heated to 120 “C and stirred for 5 days. Alkyl halide (1 eq.) was added and the mixture stirred
further for 18 h and cooled to 0 °C. The solid was filtered and washed with cold toluene (50 mL)
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followed by cold Et;O (4 x 30 mL). The solid was dried under reduced pressure to afford the title
compound as a white powder (5.8 g, 75%). All spectra data was in accord with that reported.?

Compound S7: (Ethoxycarbonylmethylene)triphenylphosphorane.
o Following a literature procedure,* to a stirred solution of PPhs (2 g, 7.6 mmol) in
/\OJ\J’Phs EtOAc (16 mL), was added 2-bromo ethyl acetate (0.90 mL, 8.1 mmol) dropwise.
The mixture was refluxed for 7.5 h and cooled to rt. The precipitate was filtered,
washed with hexane (2 x 20 mL) and the solid dried under vacuum to give phosphonium salt as a fine
white powder (3.2 g, 97%). The freshly made phosphonium salt (2.9 g, 6.9 mmol) was dissolved in
DCM (44 mL) and washed with ag. KOH (1.3 g, 22.2 mmol in 44 mL). The phases were separated and
the organic phase dried (MgSQOs) to give phosphorane S7 as a white solid (2.7 g, quant.). All spectra
data was in accord with that reported.*

Compound S8: 4-Methoxybenzyl bromide.

To stirred solution of 4-methoxy-benzyl alcohol (2.0 g, 15 mmol) in Et,O (15

BrﬂOMe mL), cooled to 0 °C under nitrogen, was added PBr; (0.70 mL, 7.5 mmol)
dropwise. The phases were separated, and organic phase washed further with

saturated NaHCO; (2 x 15 mL) and brine (15 mL). The ether phase was dried (MgSQO.) and evaporated
to give crude 4-methoxybenzyl bromide S8 as a clear oil (2.0 g, 68%), which was used without further
purification. All spectra data was in accord with that reported.®

3.3 Preparation of oxazolidone precursors

Compound (£)-S9: (2R, 5S)-2-trichloromethyl-1-aza-3-oxabicyclo[3.3.0]octan-4-one.

H Following a literature procedure,® rac-proline (10.0 g, 86.9 mmol) and chloral hydrate

N -0 (22 g, 131 mmol) were refluxed in CHCI3 (160 mL) in a flask equipped with a reverse
\d Dean-Stark condenser under argon for 6 h. The reaction was allowed to cool to rt and
CI3C\ washed with saturated NaHCO; (120 mL) and the phases separated. The ag. phase was

extracted further with CHCIl; (30 mL). The combined organic phase was dried
(MgSQO.) and evaporated to give crude brown crystalline solid. This was recrystallised from boiling
EtOH (100 mL). The crystals were filtered off, washed with cold absolute EtOH, and dried under
reduced pressure to give product (15.1 g, 73%) as a white crystalline solid. All spectral data was in
accord with that reported.®

Compound (S)-S9: (2R, 5S)-2-trichloromethyl-1-aza-3-oxabicyclo[3.3.0]octan-4-one.

H Following literature procedure,® L-proline (10.0 g, 86.9 mmol) and chloral hydrate

N -0 (21.6 g, 131 mmol) were refluxed in CHCI; (160 mL) in a flask equipped with a
\d reverse Dean-Stark condenser under argon for 6 h. The reaction was allowed to cool
CI3C\ to rt and washed with saturated NaHCOs (120 mL) and the phases separated. The ag.

phase was extracted further with CHCI3z (30 mL). The combined organic phase was
dried (MgS0O.) and evaporated to give crude brown crystalline solid. This was recrystallised from
boiling EtOH (85 mL). The crystals were filtered off, washed with cold absolute EtOH, and dried under
reduced pressure to give product (10.9 g, 51%) as a white crystalline solid. All spectral data was in
accord with that reported.®
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Compound (£)-S10: 4-oxo-2-(trichloromethyl)-1-aza-3-oxabicyclo[3.3.0]octane-5-carbaldehyde.
Following an adapted procedure,’ to a stirred solution cooled to -78 °C, of dry 'Pr,NH
O (3.0 mL, 20 mmol) in dry THF (50 mL), "BuLi (8.5 mL of a 2.5M solution in hexane,
” 21 mmol) was added dropwise. The mixture was stirred for 30 min. A stirred solution
[’:}\\fo of substrate S9 (3.7 g, 14.9 mmol) in dry THF (24 mL) at 0 "C under argon, was then
N quickly added via syringe over 6 min to the freshly made LDA solution. The mixture
CI3C\\ was stirred for 30 min. Methyl formate (3.0 mL, 49 mmol) added dropwise and the
mixture was stirred further at -78 “C for 25 min warmed to -40 °C and stirred for 25
min. The reaction was quenched with ag. 10% citric acid (50 mL) and extracted with DCM (180 mL).
The phases were separated, and the ag. phase extracted further with DCM (110 mL). The combined
organic phase was dried (MgSQO.) and evaporated. Purification by silica gel chromatography
(Et.Ofpetrol, 1:4 to 1:1 as eluent) afforded product as white solid (1.64 g, 48%). All spectra data was in

accord with that reported.®

Compound (R)-S10: (2R, 5R)-4-ox0-2-(trichloromethyl)-1-aza-3-oxabicyclo[3.3.0]octane-5-
carbaldehyde.
Following an adapted procedure,’ to a stirred solution cooled to -78 °C, of dry 'Pr,NH
O] (3.5mL, 22.8 mmol) in dry THF (44 mL), "BuL.i (9.3 mL of a 2.5M solution in hexane,
\\“ 23 mmol) was added dropwise. The mixture was stirred for 30 min. A stirred solution
[N_}\fo of substrate (S)-S9 (3.7 g, 14.9 mmol) in dry THF (30 mL) at 0 °C under argon, was
N then quickly added via syringe over 3 min to the freshly made LDA solution. The
CI3C\\ mixture was stirred for 30 min. Methyl formate (2.8 mL, 45 mmol) added dropwise
over 30 sec. The mixture was stirred further at -78 "C for 25 min then warmed to -40
°C and stirred for 25 min. The reaction was quenched with ag. 10% citric acid (50 mL) and extracted
with DCM (180 mL). The phases were separated, and the aq. phase extracted with DCM (110 mL). The
combined organic phase was dried (MgSO.) and evaporated. Purification by silica gel chromatography
(Et.O/petrol, 1:4 to 1:1 as eluent) afforded product as white solid (2.5 g, 74%). All spectra data was in
accord with that reported.®

3.4 Preparation of vinyl oxazolidinone precursors

Compound (£)-S11: 2-Trichloromethyl-5-vinyl-1-aza-3-oxabicyclo[3.3.0]- octane-4-one.

l Following literature procedure, © to stirred suspension of MePPhsBr (1.3g, 3.6 mmol)
S in dry toluene (70 mL) under argon at rt, KO'Bu (401 mg, 3.6 mmol) was added in
<_N>YO one portion. The mixture was heated to 90 C and stirred for 2 h until yellow solution
\\LO had formed. The mixture was cooled to rt and a solution of aldehyde (+)-S10 (852 mg,
ClsC 3.1 mmol) in dry toluene (9.0 mL) added dropwise then stirred for 1 h. The mixture
was cooled to 0 “C, diluted with ether (70 mL) and stirred vigorously for 5 min. The mixture was filtered
over Celite, the solids washed with ether (50 mL) and the filtrate evaporated. Purification by silica gel
chromatography (EtOAc/hexane, 5:95 to 1:9 as eluent) afforded the title compound as clear oil (466
mg, 55%). All spectral data was in accord with that reported.®

Compound (£)-S12: 2-Trichloromethyl-5-(1-(2)-propenyl)-1-aza-3-oxabicyclo[3.3.0]- octane-4-one.
Me To a stirred suspension of EtPPhsBr (4.2 g, 11.3 mmol) in anhydrous THF (50 mL) at rt

\\\\\ under argon was added sodium hydride (420 mg of a 60% dispersion in mineral oil, 10.5
Qﬁfo mmol) in a single portion and the reaction heated to 55 ‘C. After 16 h the red/orange
0 suspension was cooled to 0 °C and substrate (850 mg, 2.13 mmol) added portionwise
C|3C° until a tan suspension was formed. The reaction was warmed to rt, stirred for 17 min,
cooled to 0 °C and petrol (120 mL) added. After stirring for 5 min the mixture was

filtered through Celite, eluting with Et,O/petrol (1:5, 50 mL). Evaporation gave a light yellow semi-
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solid which was purified by silica gel chromatography (Et.O/petrol, 1:19 to 1:9 as eluent) to afford the
title compound (648 mg, 73%) as a pale yellow oil. vmax/cm™ (neat) 2950, 1801, 1448, 1365, 1321,
1217, 1208, 1186; 61 (CDClIs, 400 MHz) 1.78 (sextet, J = 7.0 Hz, 1H, NCH,CHH), 1.86 (d, J = 6.8 Hz,
Me), 1.92 (hept, J = 6.0 Hz. 1H, NCH,CHH), 2.09 (quint, J = 7.0 Hz, 1H, NCH,CH,CHH), 2.32 (quint,
J=6.4 Hz, 1H, NCH.CH,CHH), 3.21 (quint, J = 5.8 Hz, 1H, NCHHCH), 3.45 (ddd, J = 11.5, 6.3, 6.1
Hz, 1H, NCHHCH.), 5.05 (s, 1H, (Cq(CCls)), 5.50 - 5.59 (m, 1H, CH=CHMe), 5.62 (d, J = 13.2 Hz,
1H, CH=CHMe). éc (CDClIs, 101 MHz) 13.8 (Me), 25.7 (NCH2CH2CH), 40.2 (NCH.CH>CH>), 58.2
(NCH2CH:CHz), 77.8 (CCH=CHCHj3), 100.5 (CCls), 102.8 (CqCO2), 127.7 (CH=CHCMe), 130.3
(CH=CHMe), 175.3 (CqCO-). m/z: molecular ion not found.

Compound (R)-S12: 2-Trichloromethyl-5-(1-(Z)-propenyl)-1-aza-3-oxabicyclo[3.3.0]- octane-4-one.

Me To stirred suspension of freshly made EtPPhsBr S3 (1.7 g, 4.6 mmol) in dry THF (18

] mL) at rt under argon, NaH (174 mg of 60% NaH in mineral oil, 4.4 mmol) was added

[p{f?o portionwise. The mixture was heated to 60 °C and stirred for 3.5 h. The orange solution

4 was cooled to 0 °C and aldehyde (R)-S11 (547 mg, 2 mmol) was added portion wise

cLe until loss of colour occurred. The mixture warmed to rt, stirred for 10 min and recooled

to 0 "C. Petrol (54 mL) was added and the mixture stirred vigorously for 10 min. The

reaction was filtered over Celite, and solids washed with petrol/ether (5:1, 30 mL). The filtrate was

evaporated to give a yellow oily solid. Purification by silica gel chromatography (Et.O/petrol. 1:99 to
5:95 to 1:9 as eluent) afforded the product as a clear oil (390 mg, 69%).

Compound (¥)-S13: 2-Trichloromethyl-5-(1-(Z)-(2-phenylethyl)vinyl)-1-aza-3-oxabicyclo[3.3.0]-
octane-4-one.

Ph To stirred suspension phenylethyltriphenylphosphonium bromide S5 (653.0 mg, 1.5
mmol) in dry THF (14 mL), cooled to -10 °C under argon, nBuLi (530.0 pL of 2.5M
H "BuLi, 1.3 mmol) was added dropwise. The mixture was stirred for 10 min by which
N time a dark red solution had formed. Aldehyde S10 (200.0 mg, 0.7 mmol) was added
[3\/4 portion wise until loss of colour occurred. The mixture was warmed to rt, stirred for
20 min then cooled to 0 "C. Petrol (45 mL) was added and stirred vigorously for 10
min. The mixture was filtered over celite, and solids rinsed with petrol/ether (5:1, 40
mL). The filtrate was evaporated to give crude orange oil. Purification by silica gel chromatography
(Et.O/petrol, 5:95 to 1:1 as eluent) afforded the product as a clear oil (154 mg 58%). vmax/cm™ (neat)
3027, 2957, 2807, 1718, 1495, 1453, 1166; on (CDCls, 400 MHz) 1.80 (dg, J = 13.4, 7.3 Hz, 1H,
NCH2CH,). 1.92 - 2.02 (m, 1H, NCH>CH,), 2.16 (ddd, J = 13.2, 8.0, 6.3 Hz, 1H NCH,CH,CHH), 2.41
(dt, J =13.1, 6.6 Hz, 1H, NCH,CH,CHH), 3.22 (dt, J = 11.5, 5.9 Hz, 1H, NCH>CHy), 3.50 (ddd, J =
11.5, 8.0, 6.1 Hz, 1H, NCH2CHy), 3.71 - 3.86 (m, 2H, RCH=CHCH.Ph), 5.01 (s, 1H, CHCCIs), 5.65
(dt, J = 11.6, 7.3 Hz, 1H, RCH=CHCH,Ph), 5.77 (dt, J = 11.5, 1.9 Hz, 1H, RCH=CHCH,Ph), 7.17 -
7.32 (m, 5H, CHar). dc (CDCl3, 101 MHz) 25.7 (NCH2CH>), 34.0 (RCH=CHCH:Ph), 40.6 (C4CH2CH>),
58.5 (NCH2CH), 72.9 (R:NC,CO), 100.5 (CCls), 102.9 (CHCCIs), 130.2 (RCH=CHCH:Ph), 131.8
(RCH=CHCH:Ph), 140.8 (Cgar), 175.1 (COester). HRMS (ESI*) m/z: molecular ion not found.

Cl,C
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Compound (*)-S14: 2-Trichloromethyl-5-(1-(Z)-(2-phenyl)vinyl)-1-aza-3-oxabicyclo[3.3.0]- octane-
4-one.

Ph To stirred suspension of PhCH,PPh; S5 (2.1 g, 4.8 mmol) in dry THF (20 mL), cooled

W to 0 "C under nitrogen, NaH (172 mg of 60% NaH in mineral oil, 4.3 mmol) was

added in one portion. The mixture was stirred at 0 ‘C for 1.5 h forming and orange

N O solution. A solution of aldehyde S10 (651 mg, 2.4 mmol) in dry THF (1 mL) was
}—O added dropwise. The mixture was stirred at 0 “C for 30 min, warmed to rt and stirred
Cl,C further for 30 min. The mixture was recooled to 0 “C, petrol (60 mL) was added, and

the mixture stirred vigorously for 10 min. This was filtered over Celite, and the solids washed with
petrol/ether (5:1, 50 mL). The filtrate was evaporated to give an orange solid. Purification by silica gel
chromatography (EtO/petrol, 5:95 to 1:9 as eluent) afforded the product as a white crystalline solid
(411 mg, 50%). Mpt 101-102 °C; vmax/cm™? (neat); 54 (CDCls, 400 MHz) 1.45 — 1.61 (1H, m,
NCH,CHH), 1.63 — 1.76 (1H, m, NCH,CHH)), 1.95 (1H, ddd, J = 13.2, 9.7, 6.6 Hz, C4(CO2)CHH),
2.17 (1H, ddd, J=12.4, 7.5, 4.3 Hz, C{(CO2)CHH), 2.91 (1H, ddd, J = 12.0, 9.6, 5.7 Hz, NCHH), 3.02
(1H, ddd, J = 10.7, 6.7, 3.6 Hz, NCHH), 4.99 (1H, s, CHCIs), 5.99 (1H, d, J = 12.6 Hz, CH=CHPh),
6.68 (1H, d, J = 12.6 Hz, CH=CHPh), 7.25 - 7.33 (3H, m, 3 x CHa), 7.55 (2H, d, J = 7.4 Hz, 2 X CHa));
dc (CDCls, 101 MHz) 25.8 (NCH2CH,), 39.0 (C4(CO2)CHy), 57.7 (NCHy), 73.5 (NC,CO,), 100.5
(CCl3), 102.8 (CHCCl3), 127.5 (CHay), 127.9 (CHar), 132.2 (CH=CHPh), 133.2 (CH=CHPh), 136.4
(Cyar), 175.3 (CO2). HRMS (ESI*) m/z: molecular ion not found.

3.5 Preparation of proline-derived allylic amine substrates

Compound (z)-7a: N-benzyl-O-benzyl-pyrrolidine-(2-vinyl)-2-carboxylate.
| To stirred solution of S11 (466 mg, 1.6 mmol) in 2-propanol (10 mL) at rt, ag. 6 M
HCI (10 mL) was added, and mixture stirred for 6 days. The reaction was dried by
N” co.Bn azeotropic removal of toluene (6 x 20 mL) under reduced pressure at 70 °C to give
Bn 2 pink-white crystalline solid. This was suspended in MeCN (7 mL) with stirring at rt.
K>COs (680 mg, 4.9 mmol) was added followed by Nal (37 mg, 0.3 mmol) and BnBr (390 pL, 3.3
mmol). The mixture was heated to 80 “C and stirred for 12 h. The mixture was allowed to cool to rt and
evaporated. The residue was taken up in water (10 mL) and extracted with Et;O (3 x 10 mL). The
combined organic phase was dried (MgSO.) and evaporated. Purification by silica gel chromatography
(Et2O/petrol; 1:99 to 1:9 as eluent) afforded product as a clear oil (383 mg, 73% over two steps).
vmax /M (neat) 3029, 2957, 2831, 2807, 1721, 1495, 1454); &4 (CDCls, 400 MHz) 1.76 — 1.86 (2H,
m,NCH,CH,), 1.93 (ddd, J = 124, 9.9, 7.3 Hz, 1H, NCH.CH.CHH), 2.36 — 2.43 (m, 1H,
NCH,CH,CHH), 2.68 (g, J = 8.2 Hz, NCHH), 2.90-2.97 (1H, NCHH), 3.60 (1H, d, J = 13.8 Hz,
NCHHPh), 3.92 (d, J = 13.8 Hz, NCHHPh), 5.18 — 5.27 (m, 3H, CH=CHH and CO,CH,Bn), 5.39 (dd,
J=17.4,1.4Hz, 1H, CH=CHH), 6.15 (dd, J = 17.5, 10.7 Hz, 1H, CH=CHy). 7.18 — 7.42 (m, 10H, 10 x
CHAr). dc (CDC|3, 101 MHZ) 21.9 (NCHZCHZ), 37.9 (NCHZCHZCHZ), 50.7 (NCHz), 53.9 (NCHan),
66.4 (CO,CH2Bn), 73.0 (NC4COy), 115.0 (CH=CHy), 126.7 (CHa/), 128.2 — 128.8 (5 x CHa/), 136.2
(Cgar), 140.5 (Cgar), 173.9 (CO2BNn). HRMS (ESI*) m/z: [M+H]* Calcd for C21H23sNO, 322.1807; found

322.1804.
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Compound ()-7b: N-benzyl-O-benzylpyrrolidine-2-(1-(Z)-propenyl)-2-carboxylate.

Me\\ To stirred solution of (+)-S12 (170 mg, 0.60 mmol) in 2-propanol (3 mL) was added aq.
O\\ 6M HCI (3 mL) and mixture stirred for 4 days. The reaction was dried via azeotropic
N ; CO,Bn removal of toluene (3 x 8 mL) under reduced pressure at 60 ‘C. The white solid was

suspended in MeCN (6 mL) with stirring at rt. KoCOs (250 mg, 1.8 mmol) was added
Ph followed by Nal (15 mg, 0.10 mmol) and BnBr (0.15 mL, 1.25 mmol). The mixture was
heated to 60 °C and stirred for 20 h. The mixture was cooled, diluted with water (20 mL) and extracted
with ether (2 x 20 mL). The combined organic phase was dried (MgSO4) and evaporated t0 give the crude
product as yellow oil. Purification by silica gel chromatography (Et.O/petrol, 1% to 5% as eluent)
afforded the title compound (131 mg, 63%) as a clear oil. vmax/cm™ (neat) 2956, 2805, 1721, 1495,
1454, 1366 and 1169; 64 (CDCls, 400 MHz) 1.57 (3H, dd, J 7.0, 1.3 Hz, Me), 1.75 — 1.93 (3H, m,
NCH.CH,CHH), 2.46 (1H, td, J 8.6, 6.6 Hz, NCHH), 256 (1H, ddd, J 13.7, 9.4, 4.1 Hz,
NCH.CH,CHH), 2.84 (1H, td, J 8.6, 3.8 Hz, NCHH), 3.33 (1H, d, J 13.4 Hz, NCHHPh), 4.00 (1H, d, J
=13.6 Hz, NCHHPh), 5.14 - 5.25 (2H, AB q, OCHzPh), 5.63 (1H, dg, J = 11.4, 6.7 Hz, Me-CH=), 5.70
(1H, dd, J = 11.4, 1.6 Hz, CH=CH-Me) and 7.17 — 7.42 (10 H, m, CHa,); 8c (CDCls, 101 MHz) 14.9
(Me), 21.9 (NCH2CH,), 36.8 (NCH,CH:CHy), 49.8 (NCH2CH), 54.1 (NCHPh), 66.4 (OCHPh), 71.0
(NCqCOy), 126.8 (CHa), 127.5 (=CH-Me), 128.25 (2 x CHa), 128.33 (CHa/), 128.45 (2 x CHa)),
128.57 (2 x CHar), 128.63 (2 x CHar), 132.5 (CH=CH-Me), 136.1 (Cqgar), 140.4 (Cgar) and 173.3
(CO2Bn). HRMS (ESI*) m/z: [M+H]* Calcd for C2;H2sNO; 336.1964; found 336.1962.

Compound (R)-7b: N-benzyl-O-benzylpyrrolidine-2-(1-(Z)-propenyl)-2-carboxylate
Me To stirred solution of (R)-S12 (81.4 mg, 0.3 mmol) in 2-propanol (1.5 mL), ag. 6M HCI
] (1.5 mL) was added and mixture stirred for 6 days. The reaction was dried via
& azeotropic removal of toluene (4 x 4 mL) under reduced pressure at 60 “C. The white
solid was suspended in MeCN (3 mL) with stirring at rt. K.COs (118.6 mg, 0.9 mmol)
was added followed by Nal (7 mg, 0.05 mmol) and BnBr (68.0 pL, 0.6 mmol). The mixture was heated
to 80 "C and stirred for 23 h. The mixture was cooled and evaporated. The residue was taken up in water
(10 mL) and extracted with ether (2 x 10 mL). The combined organic phase was dried (MgSO4) and
evaporated to give crude product as yellow oil. Purification by silica gel chromatography (Et.O/petrol,
0:1 to 1:9 as eluent) afforded the product as a clear oil (71.0 mg, 74% over two steps). [a]*°> = +9.8 (¢
0.924, DCM). Spectral data was as reported above.

N CO,Bn
Bn

Compound (%)-7c:  N-(4-methoxy-benzyl)-O-(4-methoxy-benzyl)-pyrrolidine-2-(1-(Z)-phenylethyl
vinyl)-2-carboxylate.
To a stirred solution of compound S13 (229 mg, 0.6 mmol), in 2-propanol (3.0 mL) at rt, 6M HCI aq.
Ph (3.0 mL) was added. The mixture was heated to 50 “C and stirred for 2 days then
allowed to cool to rt and stir further for 5 days. The reaction was dried by the
| azeotropic removal of toluene (4 x 8.0 mL) under reduced pressure at 60 ‘C. The
resulting oily residue was suspended in MeCN (5 mL) with stirring at rt. K.COs
N~ “CO,PMB (261.0 mg, 1.9 mmol) was added in one portion, followed by Nal (14.0 mg, 0.01
PMB mmol) and PMBBr (182 pL, 1.3 mmol). The mixture was heated to 80 "C, stirred
for 2 h, allowed to cool to rt and evaporated. The orange residue was washed with water (10 mL) and
extracted with Et;O (3 x 10 mL). The combined organic phase was dried (MgSO4) and evaporated to
give brown oil (355.0 mg). Purification by silica gel chromatography (Et.O/petrol, 1:9 to 1:4 as eluent)
afforded product as a clear oil (192 mg, 65% over two steps). vmax/cm™ (neat) 2956, 2834, 1718, 1612,
1512, 1454, 1245; 64 (CDCls, 400 MHz) 1.75 - 2.03 (3H, m , NCH>CH. and NCH,CH>CHH), 2.45 (1H,
g, J = 8.2 Hz, NCHH), 2.61 (1H, ddd, J = 11.9, 8.0, 4.0 Hz, NCH,CH.CHH), 2.86 (1H, td, J = 9.1, 3.2
Hz, NCHH), 3.26 (1H, d, J = 13.3 Hz, NCHHPh), 3.34 (2H, d, J = 7.4 Hz, CH=CHCHPh), 3.78 and
3.79 (6H, 2 x5, J = 4.3 Hz, 2 x OMe), 3.99 (1H, d, J = 13.2 Hz, NCHHPh), 5.11 (2H, s, CO2CHzPh),
5.65-5.74 (1H, m, CH=CHCH), 5.84 (1H, d, J = 11.6 Hz, CH=CH), 6.79 — 6.88 (4H, m, 4 x CHa/),
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7.10-7.21 (5H, m, 5 x CHar), 7.23 — 7.33 (4H, m, 4 X CHar). dc (CDCls, 101 MHz) 22.0 (NCH2CHy),
35.3 (CH=CHCH), 37.2 (NCH:CH:CH), 49.8 (NCH;), 53.6 (NCH:Ph), 55.4 (OMe), 66.3
(CO2CH2Ph), 71.1, NCqCOy), 113.7 (CHar), 114.0 (CHa), 128.2 (Cgar), 128.4 and 128.5 (2 x CHa)),
129.6 (CHar), 130.6 (CHar), 131.3 (CH=CHCH,) 132.3 (Cgar), 132.6 (CH=CHCHy,), 140.4 (Cqgar),
158.6 (Cgar), 159.7 (Cgar), 173.1 (CO2Bn). HRMS (ESI*) m/z: [M+H]* Calcd for C3H3sNO4 472.2488;
found 472.2490.

Compound ()-7d: N-(4-methoxy-benzyl)-O-(4-methoxy-benzyl)-pyrrolidine-2-(1-(Z)-phenylvinyl)-
2-carboxylate.

Ph To stirred suspension at rt, of S14 (572 mg, 1.7 mmol) in 2-propanol (10 mL), aq.
| 6 M HCI (10 mL) was added, and the oily suspension stirred at rt for 2 days. The
mixture was heated to 50 “C and stirred further for 16 h by which time a clear

N~ ~CO,PMB solution had formed. The mixture was allowed to cool rt and dried via azeotropic

PMB removal of toluene (6 x 20 mL) under reduced pressure at 60 °C to give pink-white
crystalline solid. This was suspended in MeCN (15 mL) with stirring at rt. K,CO3 (684 mg, 4.9 mmol),
Nal (37 mg, 0.3 mmol) and PMBBr (476 pL, 3.3 mmol) were added sequentially. The mixture was
heated to 80 “C and stirred for 15 h, allowed to cool to rt and evaporated. The brown-orange solid was
taken up in water (10 mL) and extracted with Et-O (3 x 10 mL). The combined organic phase was dried
(MgSO4) and evaporated to give crude product as brown-orange oil. Purification by silica gel
chromatography (Et,O/petrol, 1:99 to 3:7 as eluent) afforded the product as a clear oil (537 mg, 67%
over two steps). vmax/cm™ (neat) 2954, 2843, 1716, 1612, 1511, 1462, 1365; 6 (CDCls, 400 MHz) 1.69
- 1.99 (m, 3H, NCH2CH; and NCH,CH,CHH), 2.33 (q, J = 8.2 Hz, 1H, NCH,CHH), 2.57 (t,J = 9.6
Hz, 1H, NCHH), 2.82 (t, J = 8.4 Hz, 1H, NCHH), 3.12 (d, J = 13.2 Hz, 1H NCHHPh), 3.12 (d, J = 13.2
Hz, 1H NCHHPh), 3.78 (s, 6H, OMe), 3.99 (d, J = 13.2 Hz, 1H NCHHPh), 4.43 (d, J = 12.1 Hz,
CO,CHHPN), 4.76 (d, J = 12.1 Hz, CO,CHHPh), 5.90 (d, J = 12.5 Hz, 1H, CH=CHPh), 5.62 (d, J =
12.5 Hz, 1H, CH=CHPh), 6.80 (d, J = 8.7 Hz, 4H, 4 x CHa,), 7.07 (m, 9H, 9 x CHa,). 8¢ (CDCls, 101
MHz) 22.3 (NCH2CH.), 36.8 (NCH.CH,CH>), 49.9 (NCH,), 53.9 (NCHzPh), 55.4 (Ar-OMe), 66.0
(CO,CH2Ph), 71.1 (NCqCO,), 113.6 and 113.8 (2 x CHar), 127.0 (CHar), 128.0 (CHar), 128.6 (CHa),
129.5 (CHa), 130.2 (CHa/), 131.3 (CH=CHPh), 132.2 (Cgar), 134.6 (CH=CHPh), 137.5 (Cgar), 158.6
(Cgar), 159.5 (Cgar), 171.3 (CO2BNn). HRMS (ESI*) m/z: [M+H]* Calcd for Co9H31NO4 458.233134;
found 458.2334.

Compound (£)-7e: N-(4-methoxybenzyl-O-(4-methoxybenzyl)-pyrrolidine-2-(1-(Z)-propenyl)-2-
carboxylate.

Me To astirred solution of substrate S12 (310 mg, 1.09 mol) in 2-propanol (6 mL) was
| added 6 M ag. HCI (6 mL) and the reaction stirred at rt. After 4 days the reaction
was evaporated under vacuum at 45 °C and further dried by azeotropic removal of

N~ CO,PMB toluene (3 x 15 mL) at the same temperature to give a white solid. The crude

PMB material was suspended in MeCN (8 mL), potassium carbonate (250 mg, 1.8 mmol)
added, stirred for 5 min and TBAI (50 mg, 0.14 mmol) and a solution of 4-methoxybenzyl bromide
(475 mg, 2.4 mmol) in MeCN (3 mL) added. The reaction was heated to 60 °C. After 20 h the reaction
was cooled to rt, evaporated and partitioned between water (20 mL) and Et,O (20 mL). The aqueous
phase was extracted with Et,O (2 x 20 mL) and the combined organic phase dried (MgSO,) and
evaporated to give a yellow oil. Purification by silica gel chromatography (Et.O/petrol, 10% to 20% as
eluent) afforded the title compound (287 mg, 67% over two steps) as a clear oil. vmax /cm™ (film) 1301,
1462, 1511, 1612, 1718 and 2954; &4 (CDCls, 400 MHz) 1.55 (3H, dd, J 6.9, 1.4 Hz, Me), 1.70 - 1.91
(3H, m, NCH,CH,CHH), 2.42 (1H, td, J 8.7, 6.9 Hz, NCHHCH?), 2.52 (1H, ddd, J 13.7, 9.3, 4.0 Hz,
NCH.CH.CHH), 2.81 (1H, td, J 8.6, 3.6 Hz, NCHHCH?), 3.25 (1H, d, J 13.2 Hz, NCHHAr), 3.77 (3H,
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s, OMe), 3.80 (3H, s, OMe), 3.90 (1H, d, J 13.2 Hz, NCHHAr), 5.13 (2H, AB g, OCHAr), 5.55 - 5.70
(2H, m, HC=CH), 6.78 — 6.83 (2H, m, 2 x CHa), 6.84 — 6.90 (2H, m, 2 X CHa), 7.11 - 7.19 (2H, m, 2
x CHar) and 7.28 — 7.35 (2H, m, 2 x CHar); oc (CDCl3, 101 MHz) 14.9 (Me), 21.9 (NCH2CH), 36.8
(NCH2CH2CH?), 49.8 (NCH2CH.), 53.4 (NCHAr), 55.3 (OMe), 55.4 (OMe), 66.1 (OCHAr), 71.0
(Cy-COy), 113.6 (2 x CHar), 113.9 (2 x CHar), 127.3 (=CHMe), 128.4 (Cg), 129.6 (2 x CHay), 130.4 (2
x CHa), 132.5 (Cy), 132.6 (CH=CHMe), 158.5 (C,0Me), 159.7 (C,0Me) and 173.3 (CO.Ar); HRMS
(ESI") m/z: [M+H]* Calcd for C24H29NO4 396.2175; found 396.2174

Compound  ()-7f: N-(4-methoxy-benzyl)-N-(amido-4-methoxy-benzyl)-pyrrolidine-2-(1-(Z)-
propenyl)-2-carboxylate amide.
Me A stirred mixture of neat compound S12 (110 mg, 0.4 mmol) and PMBNH, (101
| UL, 0.8 mmol) was heated to 80 °C for 6 h. The mixture was allowed to cool to rt
NHPMB then passed through a silica plug (neat EtOAc as eluent) to remove excess
PMBNH; to give a mixture of free amine/ formamide as an orange oil (92 mg).
This was dissolved in EtOH (1 mL) with stirring at rt. 50% ag. NaOH (0.3 mL)
was added, and the mixture heated to 80 “C for 4 h then allowed to cool to rt and stir for 2.5 h. The
reaction was dissolved in water (10 mL) and extracted with DCM (3 x 10 mL). The combined organic
phase was dried (MgSO.) and evaporated to give crude free amine (75 mg, ca 0.3 mmol). This was
dissolved in MeCN (1 mL) with stirring at rt. K;COs (37 mg, 0.3 mmol), Nal (3 mg, 0.02 mmol) and
PMBBr (39 pL, 0.3 mmol) were added sequentially. The mixture was stirred for 6.3 h then evaporated.
The brown residue was washed with water (10 mL) and extracted with ether (3 x 10 mL). The combined
organic phase was dried (MgSQ,) and evaporated to give a yellow oil. Purification by silica gel
chromatography (EtOAc/petrol, 1:9 to 1:1) afforded the product as a clear oil (75.0 mg, 49% over 3
steps). vmax/cm™ (neat) 3337, 2934, 2834, 1660, 1611, 1599, 1301, 1241. 54 (CDClIs, 400 MHz) § 1.65
(3H,d,J=7.2 Hz, Me). 1.69 - 1.84 (2H, m, NCH,CH,), 2.09 (1H, dt, J = 13.1, 8.4 Hz, NCH,CH,CHH),
2.40 (1H, ddd, J = 13.3, 8.7, 4.6 Hz, NCH,CH,CHH), 2.54 (1H, g, J = 8.2 Hz, NCHH), 2.83 (1H, td, J
=8.4, 3.8 Hz, NCHH), 3.37 (1H, d, J = 13.0 Hz, NCHHPh), 3.63 (1H, d, J = 13.0 Hz, NCHHPh), 3.76
(3H, s, ArOMe), 3.76 (3H, s, ArOMe), 4.31 (1H, dd, J = 14.2, 4.9 Hz, CONHCHH), 4.47 (1H, dd, J =
14.2, 6.3 Hz, CONHCHH), 5.50 (1H, d, J = 11.6 Hz, CH=CHMe), 5.79 (1H, dt, J = 14.3, 7.1 Hz,
CH=CHMe), 6.74 (2H, d,J = 8.3 Hz, 2 x CHa/), 6.86 (2H, d, J = 8.2 Hz, 2 x CHa(), 7.00 (2H, d,J = 8.0
Hz, 2 x CHar), 7.21 (2H, d,J = 8.1 Hz, 2 X CHa/), 7.83 (1H, t, J = 5.9 Hz, CONHCHy). 5c (CDCl3, 101
MHz) 14.8 (Me), 22.9 (NCH:CH2), 39.7 (NCH:CH.CH), 43.2 (CONHCH), 51.9 (NCH), 54.5
(NCH2Ph), 55.3 and 55.4 (2 x ArOMe), 113.8 (CHar), 114.2 (CHar), 129.3 (CHar), 129.5 (CHar), 129.9
(CH=CHMe), 130.2 (CH=CHMe), 130.7 (Cgar), 132.0 (Cqar), 158.6 (Cqgar), 159.1 (Cqar), 174.8 (Cqa).
HRMS (ESI*) m/z: [M+H]* Calcd for C24H30N203 395.2335; found 395.2334.

N
PMBO

Compound (£)-S15: O-(methyl-ester)-1H-pyrrolidine-2-(1-(Z)-propenyl)-2-carboxylate.

To a stirred solution of compound S12 (886 mg, 3.1 mmol) in MeOH (13 mL) at rt
é_Q under argon, Na (64.0 mg, 2.8 g atom) was added. The mixture was stirred for 2 h.

The mixture was cooled to 0 ‘C. Acetyl chloride (5.8 mL, 81.6 mmol) was added
dropwise. The mixture was heated to 50 ‘C and stirred for 4.5 h then allowed to cool
to rt. The reaction was stirred for 15 h then heated to 50 °C, stirred for 3 h and
evaporated under reduced pressure. The light brown residue was taken up in DCM (10 mL) and washed
with saturated NaHCOs (10 mL). The phases were separated and the ag. phase extracted further with
DCM (2 x 10.0 mL). The combined organic phase was dried (MgSQOs) and evaporated to give the crude
free base amine (525.0 mg, ca. 3 mmol) which was used without further purification.

N~ > CO,Me
H
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Compound (F)-71: N-(5-methyl-2-furyl)-O-(methyl-ester)-pyrrolidine-2-(1-(Z)-propenyl)-2-
carboxylate ester.

Me To stirred solution of crude amine S15 (80 mg, 0.47 mmol) in DCM (1.5 mL) at rt,

| 5-methylfurfural (52 pL, 0.52 mmol) was added and the mixture stirred for 10 min.

NaBH(OACc); (148 mg, 0.7 mmol) was added in one portion. The mixture was

N" 'CO;Me  stirred for 17.5 h, saturated NaHCO3 (10 mL) was added, and the mixture stirred

O.__Me for 5 mins. The reaction was extracted with DCM (3 x 10 mL), the combined

\ organic phase was dried (MgSO4) and evaporated to give a red oil. Purification by

silica gel chromatography (Et.O/petrol, 5:95 to 1:9 as eluent) afforded product as a

clear oil (47 mg, 38% over three steps). vmax /cm™ (neat) 2949, 2816, 1722, 1567, 1434, 1366. 51 (CDCls,

400 MHz) 1.59 (3H, d, J = 5.9 Hz, CH=CHMe), 1.79 — 1.97 (3H, m, NCH>CH; and NCH,CH>CHH),

2.25 (3H, s, ArMe) 2.49 (1H, ddd, 12.2, 8.2 4.6 Hz, NCH.CH,CHH), 2.58 (1H, g, J = 8.3 Hz, NCHH),

2.99 (1H, td, J = 8.5, 4.6 Hz, NCHH), 3.44 (1H, d, J = 14.1 Hz, NCHHAr), 3.72 (3H, s, CO:Me), 3.84

(1H, d, J = 14.1 Hz, NCHHAr), 5.58 — 5.69 (2H, m, CH=CHMe), 5.84 (1H, d, J = 3.7 Hz, CHa), 6.01

(1H, d, J = 3.0 Hz, CHa)). dc (CDCls, 101 MHz) 13.8 (ArMe), 14.6 (Me), 21.6 (NCH2CH.), 36.9

(NCH2CH:CHy), 46.7 (NCH2Ar), 50.3 (CO2Me), 51.6 (NCH), 70.8 (NCqCO), 106.0 (CHar), 108.3

(CHar), 127.8 (CH=CHMe), 131.5 (CH=CHMe), 151.5 (Cqar), 173.7 (CO:Me). HRMS (ESI*) m/z:
[M+H]* Calcd for CisH2:NO3 264.1600; found 264.1596.

Compound (£)-7m: N-(2-pyridyl)-O-(methyl-ester)-pyrrolidine-2-(1-(Z)-propenyl)-2-carboxylate.

Me To astirred solution of crude amine S15 (159 mg, < 0.60 mmol), in MeCN (5 mL) at
| rt, K2COs (155 mg, 1.1 mmol), Nal (6.0 mg, 0.04 mmol) and 2-bromomethyl pyridine
(96 mg, 0.6 mmol) were added sequentially. The mixture was stirred for 18 h then

N~ "CO,Me evaporated. The resulting red residue was dissolved in water (10 mL) and extracted

with ether (3 x 10 mL). The combined organic phase was dried (MgSO4) and

\ evaporated to give a red oil. Purification by silica gel chromatography

N~ (EtOH/NH3/DCM, 2:98 to 5:95 as eluent) afforded the product as a red oil (64 mg,

44% over 3 steps). vmax/cm™ (neat) 2950, 2878, 1723, 1652, 1589, 1433, 1463;

81 (CDCls, 400 MHz) 1.58 (3H, d, J = 4.7 Hz, Me), 1.78 — 1.93 (3H, m, NCH,CH; and NCH,CH;CHH),

2.48- 2,57 (2H,m, NCHH and NCH,CH,CHH), 3.61 (1H, d, J = 14.5 Hz, NCHHPyr), 3.71 (3H, s,

CO:Me), 4.10 (1H, d, J = 14.5 Hz, NCHHPyr), 5.60 — 5.67 (2H, m CH=CHMe), 7.10 (1H, t, J = 6.2 Hz,

CHa), 7.42 (1H, d, J = 7.8 Hz, CHa/), 7.61 (1H, t, J = 7.7 Hz, CHa/), 8.48 (1H, d, J = 4.7 Hz, CHa)).

dc (CDCls, 101 MHz) 14.6 (Me), 22.0 (NCH.CH?), 36.7 (NCH2CH2CH>), 50.1 (NCH.), 51.7 (CO2Me),

56.2 (NCH2Pyr), 71.0 (NCqCOy), 121.9 (CHar), 122.9 (CHar), 127.5 (CH=CHMe), 132.2 (CH=CHMe),

136.7 (CHar), 149.0 (CHa), 160.5 (Cgar), 173.9 (CO:Me). HRMS (ESI*) m/z: [M+H]" Calcd for
C21H20N202 261.160303; found 261.1599.

Compound (£)-7n: N-(2-bromobenzyl)-O-(methyl-ester)-pyrrolidine-2-vinyl-2-carboxylate ester.
| To a stirred solution of compound S11 (180 mg, 0.7 mmol) in MeOH (5 mL)
OJ at rt under N2, Na (25.0 mg, 1.1 g atom) was added. The mixture was stirred
for 1 h. The mixture was cooled to 0 °C, acetyl chloride (1.3 mL, 18.2 mmol)
was added dropwise. The mixture was heated to 50 °C, stirred for 17 h, allowed
to cool to rt and evaporated. The resulting residue was suspended in MeCN (7
mL) at rt with stirring under N,. K,CO3 (231 mg, 1.7 mmol), Nal (7 mg, 0.05
mmol) and 2-bromobenzyl bromide (185 mg, 0.7 mmol) were added
sequentially, heated to 80 'C and stirred for 7 h. The mixture was allowed to cool to rt and evaporated.
The residue was dissolved in water (20 mL) and extracted with DCM (2 x 20 mL). The combined
organic phase was dried (MgSO4) and evaporated to give crude orange oil. Purification by silica gel
chromatography (Et.O/petrol, 1:99 to 3:97 to 5:95 as eluent) afforded product as a clear oil (160 mg,
74% over 3 steps). vmax/cm* (neat) 3061, 2836, 1726, 1462, 1439, 1169, 1024; & (CDCls, 400 MHz)

Br N CO,Me
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1.89 — 2.00 (3H, m, NCH2CH, and C,CHH), 2.39 (1H, dt, J = 12.2, 6.5 Hz, C,CHH), 2.74 (1H, g, J =
8.0 Hz, NCHH), 3.03 (1H, dt, J = 8.4, 6.4 Hz, NCHH), 3.77 (3H, s, CO;Me), 3.89 (2H, s, NCH,Ph),
5.18 (1H, d, J = 10.7 Hz, CH=CHH), 5.28 (1H, d, J = 17.4 Hz, CH=CHH), 6.09 (1H, dd, J = 17.4, 10.7
Hz, CH=CH,), 7.07 (1H, t, J = 7.6 Hz, CHa,), 7.28 (1H, t, J = 7.8 Hz, CHa/), 7.50 (1H, d, J = 8.0 Hz,
CHa)), 7.57 (1H, d, J = 7.6 Hz, CHay); 8¢ (CDCls, 101 MHz) 21.9 (NCH,CH;), 37.7 (C,CHy), 50.9
(NCH), 51.7 (CO2Me), 53.5 (NCH:Ph), 73.5 (C,CO2), 115.3 (CH=CHy), 123.7 (Cqar) 127.4 (CHa),
128.0 (CHay), 129.7 (CHa), 132.6 (CHa), 138.6 (CH=CH;), 139.3 (Cgar), 174.5 (CO:Me); HRMS
(ESI*) m/z: [M+H]* Calcd for C15H19NO2Br 324.0599; found 324.0586.

3.6 Preparation of 2-phenylpyrrolidine allylic amine substrates

Compound (+)-S16: N-Boc-2-phenyl-pyrrolidine.
To a stirred solution of 2-phenylpyrrolidine (1.5 g, 10.2 mmol) in DCM (50 mL) under
O\ nitrogen was added EtsN (2.8 mL, 20 mmol) and Boc,O (4.4 g, 20 mmol) and the reaction
EOC stirred at rt. After 3.5 h the mixture was evaporated and purified by silica gel
chromatography (two sequential columns employing Et,O/petrol, 1:9 to 3:7 then Et;O in
DCM, 0% to 1% as eluent) to afford the title compound (2.10 g, 83%) as a clear oil which subsequently
crystallised on standing. All data was in accord with that reported.®

Compound (£)-S17: 1-(Boc) 2-ethyl 2-phenylpyrrolidine-2-carboxylate.
Bh Following an adapted literature procedure,® to a dried flask under argon was added
compound S16 (500 mg, 2 mmol) and dry THF (24 mL) and the stirred solution
’I%loc CO2Et  degassed by sparging with argon for 4 min. The solution was cooled to 0 °C under
argon and "BuLi (1.05 mL of a 2.5 M solution, 2.6 mmol) added dropwise over 3.5
min. The reaction was stirred for a further 3.5 min and ethyl chloroformate (410 pL, 4.3 mmol) added
dropwise over 1 min. The reaction was stirred for 10 min, warmed to rt over 5 min and quenched by
the addition of sat. ag. NH4Cl (50 mL) and Et,O (100 mL). The phases were separated, the aqueous
phase extracted with Et,O (50 mL) and the combined organic phase dried (MgSQ.) and evaporated to
give a yellow oil. Purification by silica gel chromatography (EtOAc/petrol, 1:9 to 1:4 as eluent) afforded
the title compound (574 mg, 89%) as a clear oil which partially crystallised on standing. Spectral data
was in accord with that reported.

Compound ()-S18: 1-(benzyl) 2-ethyl 2-phenylpyrrolidine-2-carboxylate.
Ph To stirred MeOH (7 mL) at 0 °C under argon was added acetyl chloride (1.0 mL)
O< dropwise. The reaction was stirred for 10 min and a solution of compound S17 (570
N™ COEt mg, 1.8 mmol) in MeOH (2 mL) added dropwise. The reaction was warmed to rt,
Ph stirred for 23 h and evaporated to give a yellow oil. The crude hydrochloride was
redissolved in MeCN (15 mL) and potassium carbonate (650 mg, 4.7 mmol), sodium
iodide (30 mg, 0.20 mmol) and benzyl bromide (275 uL, 2.3 mmol) added sequentially. The reaction
was stirred at rt for 22 h, filtered and evaporated. Purification by silica gel chromatography (Et.O/petrol,
5:95 to 1:9 as eluent) afforded the title compound (434 mg, 78%) as a clear 0il. vmax /cm™ (neat) 2978,
1745, 1699, 1447, 1388 and 1246; 4 (CDCls, 400 MHz) 1.33 (3H, t, J 7.2, Me), 1.82 — 1.97 (3H, m,
NCH,CH; and C4-CHH), 2.54 (dt, J 9.4, 8.8, Cg-CHH), 2.66 — 2.74 (1H, m, NCHHCH), 3.13 (ddd, J
9.3, 8.8, 3.3, NCHHCHy), 3.46 (1H, d, J 14.2, NCHHPh), 3.93 (1H, d, J 14.1, NCHHPh), 4.31 (2H, q,
J 7.1, CH;Me), 7.21 — 7.40 (8H, m) and 7.45 (2H, d, J 7.7); ¢ (CDCls, 100 MHz); 14.7 (CH;Me), 21.8
(NCH2CH?), 40.1 (C4PhCHy>), 50.3 (NCH>), 54.2 (NCH2Ph), 60.7 (CO,CH>), 75.8 (NC4CO>), 126.7 and
126.8 (2 x CHar), 127.3 (CHar), 128.2 — 128.4 (3 x CHa/), 140.4 (Cgar), 142.0 (Cyar); HRMS (ESIY)

m/z: [M+H]" calcd for C20H23NO, 310.1808; found 310.1805.

Compound (£)-7g: 1-(benzyl) 2-vinyl 2-phenylpyrrolidine.

&Ph Ph  Toastirred solution of compound S18 (542 mg, 1.8 mmol) in
N~ > CO,Et Q{/ dry THF (17.5mL) at 0 "C under argon was added LiAlH, (166
mg, 4.4 mmol) in two portions. The mixture was stirred for 5

Ph kPh min and heated to 60 ‘C. After 1 h the reaction was cooled to 0
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°C and was quenched by the sequential dropwise addition of water (170 pL), 15% ag. NaOH (170 L),
and water (540 pL),). The mixture was stirred at rt for 10 min, diluted with Et,O (10 mL) and MgSQOa,
added. After stirring for a further 10 min the mixture was filtered, washing with EtOAc (10 mL) and
DCM (10 mL). Evaporation gave the desired amino alcohol as a pale-yellow oil (453 mg, <1.7 mmol).
SOs.Pyr complex (504 mg, 3.2 mmol) was dissolved in dry DMSO (2.8 mL) under argon and stirred
for 15 min at rt. The resulting solution was added dropwise to a stirred solution of amino-alcohol (<0.1.7
mmol) and triethylamine (1.2 mL, 8.4 mmol) in dry DMSO (5.8 mL) at rt under argon. The reaction
was stirred for 1h and quenched by the addition of saturated NaHCO3; (80 mL). The mixture was
extracted with Et,O (2 x 60 mLI) and the combined organic phase washed with saturated NaHCO3 (40
mL). Drying (MgSOs) and evaporation gave the crude aldehyde (370 mg, <1.7 mmol) as a yellow oil
used without further purification. Ca. 30% of this crude aldehyde (113 mg, < 0.4 mmol) was used in
the subsequent step. To a suspension of MePPhzBr (660 mg, 1.9 mmol) in toluene (10 mL) was added
KO'Bu (208 mg, 1.9 mmol) and the stirred mixture heated to 70 °C under argon. After 2 h the reaction
was cooled to 0 °C and a solution of the crude aldehyde (370 mg, >0.4 mmol) in toluene (1 mL) added
dropwise. The reaction was stirred for 10 min, warmed to rt, stirred for a further 10 min and the excess
ylide quenched by the dropwise addition of MeOH (60 pL),) then cooled to 0 “C. The mixture was
diluted with Et,O (10 mL) and petrol (10 mL) and stirred for 5 min. The mixture was filtered over
Celite, the solids washed with petrol/ether (5:1, 20 mL) and the filtrate evaporated to give crude light
yellow oil. Purification by silica gel chromatography (Et.O/petrol, 1:9 as eluent) afforded product as a
clear oil (58 mg, 51% over three steps) as a clear oil. vmax /cm™ (film) 2956, 1603, 1495, 1442; &4
(CDCls, 400 MHz) 1.71 — 1.96 (3H, m, NCH.CH: and C,CHH), 2.24 — 2.33 (1H, m, C,CHH), 2.42
(1H, dd, J 8.4, 7.9, NCHHCH), 3.02 (1H, td, J 8.7, 3.4, NCHHCH>), 3.26 (1H, d, J 13.5, NCHHPh),
3.76 (1H, d, J 13.4, NCHHPh), 5.27 (1H, d, J 17.6, CH=CHH), 5.49 (1H, d, J 10.8, CH=CHH), 6.07
(1H, dd, J 17.6, 10.9, CH=CH,), 7.21 — 7.27 (2H, m), 7.30 — 7.43 (6H, m) and 7.62 (2H, d, 7.7); 6c
(CDCls, 100 MHz) 21.8 (NCH:CHz), 38.6 (CqCH2), 49.9 (NCH:CH.), 53.3 (NCHzPh), 71.1 (NC,),
116.0 (CH=CHy), 126.7 (CHar), 127.1 (CHa/), 128.1 (2 x CHar), 128.2 (2 x CHar), 128.3 (2 x CHa),
137.8 (2 x CHav), 140.7 (Cg) and 145.7 (Cy); JK6-100: HRMS (ESI*) m/z: [M+H]* Calcd for CigH2:N
264.1752; found 264.1749.

Compound (£)-Z-7h: 1-(benzyl) 2-(1-(Z2)-propenyl)-2-phenylpyrrolidine.
Ph Me To a stirred solution of ester S18 in dry THF (5.4 mL) at0 'C
| under argon, LiAlIHs (49 mg, 1.3 mmol) was added in one
N™ COxkEt — - portion. The mixture was heated to 60 °C for 1 h then cooled 0
Ph N~ “Ph C. The reaction was quenched sequentially with Hz_O (50 pL),
Bn 15% aq NaOH (50 pL) and H,O (150 pL). The mixture was
stirred for 10 min, diluted with Et,O (10 mL) and dried over MgSO, for 10 min. The mixture was
filtered through Celite and eluted with Et;O, DCM and EtOAc (10 mL each) and the filtrate evaporated
to give the crude alcohol as clear oil (217 mg, <0.5 mmol). This was dissolved in dry DCM (830 pL)
and added dropwise to a 15min pre-mixed solution of dry DMSO (55 pL, 0.8 mmol) and oxalyl chloride
(66 pL, 0.8 mmol) in dry DCM (1.7 mL) at -78 °C under argon. The mixture was stirred for 1 h, EtsN
(457 L, 3.3 mmol) was added dropwise. The mixture was stirred further for 2 h then allowed to warm
to rt over 15 mins and quenched with saturated NaHCOs (15mL). The reaction was extracted with DCM
(2 x 15mL), drying (MgS0.) and evaporation organic of the organic phase afforded the crude aldehyde
as a yellow oil (135.0 mg, <0.5 mmol). To a stirred solution of freshy made EtPPhsBr (756 mg, 2.0
mmol) in dry THF (6.6 mL) at rt under argon, NaH (76.0 mg of 60% NaH in mineral oil, 1.9 mmol)
was added in one portion. The mixture was heated to 60 “C and stirred for 4 h. The orange solution was
cooled to 0 °C, a solution of crude aldehyde in dry THF (2 mL) was added dropwise. The mixture was
allowed to reach rt, stirred for 15 min then cooled to 0 ‘C. Petrol (26 mL) was added and stirred
vigorously for 10 min. The mixture was filtered over Celite and the solids washed with petrol/ether
(5:1, 20 mL). The filtrate was evaporated to give a yellow oil. Purification by silica gel chromatography
(Et.O/petrol, 0:100 to 3:97 as eluent) afforded the product as a clear oil (86.0 mg, 57% over 3 steps).
vmax/cM™ (neat) 3060, 3023, 2963, 2912, 2799, 1492, 1445; 54 (CDCls, 400 MHz) 1.35 (3H, d, J = 6.8
Hz, =CHMe), 1.92 (2H, h, J = 7.5 Hz, NCH,CH>), 2.26 (2H, t, J = 7.8 Hz, C,CH>), 2.59 (1H, g9, J = 8.0
Hz, NCHHCH?), 2.70 (1H, q, J = 8.0 Hz, NCHHCH), 3.29 (1H, d, J = 13.2 Hz, NCHHPh), 3.49 (1H,
d, J =13.2 Hz, NCHHPh), 5.71 — 5.90 (2H, m, CH=CHMe), 7.18 — 7.41 (8H, m, 8 x CHa), 7.54 (2H,
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d, J = 7.6 Hz, 2 X CHay). 8¢ (CDCls, 101 MHz) 16.1 (=CHMe), 22.0 (NCH2CHz), 41.5 (C,CHs), 49.7
(NCH), 54.0 (NCH,Ph), 70.3 (NC4Ph), 126.4 (CHa), 126.7 (CHa,), 127.5 (CHay), 127.8 (=CHMe),
128.0 — 128.6 (3 X CHa), 133.2 (CH=CHMe), 140.7 (Cqa), 144.1 (Cqa); HRMS (ESI*) miz:
[M+H]* calcd for CosHasN 278.1910; found 278.1909.

Compound (£)-E-7h: 1-(benzyl)-2-(1-(E)-propenyl)-2-phenylpyrrolidine.
Me To astirred solution of compound S18 (304 mg, 1 mmol) in

Ph [ﬂ dry THF (10 ml) at 0 °C under argon, LiAlH; (94 mg, 2.5
& mmol) was added in one portion. The mixture was stirred at
E‘n COEt —— N~ Ph 0 °C for 30 mins then quenched sequentially with water (100
Bn pL), 15% ag. NaOH (100 pL) and water (300 pL) then stirred

for 10 min. The mixture was diluted with Et,O (15 ml) and dried over MgSQOj4 for 15 min. The mixture
was filtered over Celite and the product eluted with Et,O, DCM and EtOAc (10 ml of each) and the
filtrate evaporated to give the crude alcohol as a clear oil (268mg). This was dissolved in dry DCM (1.5
ml) and added dropwise to a 15 min pre-mixed solution of dry DMSO (98.6 uL, 1.4 mmol) and oxalyl
chloride (120 pL, 1.4 mmol) in dry DCM at -78 °C under argon. The mixture was stirred for 1 h, EtzN
(806 pL, 5.8 mmol) was added dropwise and the mixture stirred further for 1 h then allowed to warm
to rt over 15 min. The reaction was quenched with saturated NaHCO3 (32 mL) and extracted with DCM
(2x 27 mL). The combined organic phase was dried (MgSO.) and evaporated to give the crude aldehyde
as a clear oil (274 mg) which was dissolved in toluene (11 mL) with stirring at rt. Freshly made
phosphorane S7 (1.3 g, 3.7 mmol) was added and the mixture heated to 90 °C. This was stirred for 15
h, allowed to cool to rt and evaporated. The residue was passed through a silica plug (Et.O/petrol, 4:96
as eluent) to afford the crude allylic ester as clear oil (207 mg). This was dissolved dry THF (6 mL) at
rt with stirring under argon and cooled to -10 ‘C. LiAlH4 (48 mg, 1.3 mmol) was added in one portion,
stirred for 30 mins then quenched sequentially with water (50 pL), 15% ag. NaOH (50 pL) and water
(150 pL) then stirred for 10 min. The mixture was diluted with Et,O (24 ml) and dried over MgSO; for
15 min. The mixture was filtered over Celite and the product eluted with Et,O, DCM and EtOAc (15ml
of each) and the filtrate evaporated to give the crude allylic alcohol as a clear oil (268mg). 72mg (>2.5
x 10t mmol) of the allylic alcohol wad used directly. To a stirred solution of crude allylic alcohol (72
mg, >2.5 x 10 mmol), LiBr (426 mg, 4.9 mmol) and EtsN (177 uL, 1.3 mmol) in dry THF (2 mL) at
—78°C, MsClI (25 pL, 0.32 mmol) was added. The mixture was stirred at — 78 “C for 1.5 hr then warmed
to -40 "C and stirred further 1.5 h. Further MsCI (5 pL, 0.065 mmol) was added, the mixture was stirred
further for 1 h 40 min then warmed to -10 "C and stirred further for 1 h. The mixture was quenched with
saturated NaHCOs (15 mL) and extracted with DCM (2 x 20 mL). The combined organic phase was
dried (MgSO.) and evaporated to give the crude allylic bromide as a clear oil (140 mg). This was
dissolved in dry THF (2.5 mL) at rt with stirring under argon and cooled to 0 “C, LiALH, (23 mg, 0.6
mmol) was added in one portion and the mixture heated to 60 "C. This was stirred for 3 h and cooled to
0 °C. The reaction was quenched with saturated NaHCO3 (10 mL) and extracted with DCM (3 x 15
mL). The combined organic phase was dried (MgSO.) and evaporated to give a crude oil. Purification
by silica gel chromatography (EtO/petrol, 1:99 to 2:98 as eluent) afforded the E-alkene product as a
clear oil (17 mg, 16% over 6 steps). vmax/cm™ (neat) 3026, 2962, 2914, 2878, 2801, 1600, 1493, 1446;
dn (CDCls, 400 MHz) 1.73 - 2.09 (6H, m, CH=CHMe and NCH,CH and C,CHH), 2.26 (1H,t,J=8.4
Hz, C,CHH) 2.40 (1H, q, J = 8.3 Hz, NCHH), 2.99 (1H, td, J = 8.7, 3.6 Hz, NCHH), 3.25 (1H, d,J =
13.3 Hz, NCHHPh), 3.75 (1H, d, J = 13.3 Hz, NCHHPh), 5.71 (2H, s, CH=CHMe), 7.19 — 7.49 (8H,
m, 8 x CHar), 7.62 (2H, d, J = 7.7 Hz, 3 x CHa); 6c (CDCls, 100 MHz) 18.4 (CH=CHMe), 21.8
(NCHCHy), 39.4 (C,CHy>), 50.0 (NCH), 53.5 (NCHzPh), 70.6 (C4Ph), 126.5 (CHa/), 126.6 (CHa),
126.7 (CH=CHMe), 127.2 (CHar), 128.1 (CHa/), 128.3 (CHar), 128.4 (CHar), 130.8 (CH=CHMe),
140.9 (Cqar), 146.5 (Cgar). HRMS (ESI*) m/z: [M+H]* Calcd for CxH23sN 278.1910; found 278.1907.
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Compound (%)-7i: 1-(methyl)-2-(1-(Z)-propenyl)-2-phenylpyrrolidine.

Me To a stirred solution of compound S18 (279 mg, 0.9 mmol) in

Ph [_)J dry THF (7 ml) at 0 °C under argon, LiAlH, (80 mg, 2.1 mmol)
& was added in one portion. The mixture was heated to 60 "C and
E‘OC COEt N~ ~Ph stirred for 4 h and cooled to 0 °C. The reaction was quenched
Me sequentially with water (80 uL), 15% aq. NaOH (80 uL), and

water (240 pL). The mixture was stirred for 10 mins, diluted with Et,O (10 mL) and dried over MgSO4
further for 10 min. The mixture was filtered over Celite and evaporated to give crude N-methyl alcohol
as a clear oil (158 mg). This was dissolved in dry DCM (1.4 mL) under argon and added dropwise to a
15 min pre-mixed solution of dry DMSO (88.4 pL, 1.2 mmol) and oxalyl chloride (106.6 pL, 1.2 mmol)
in dry DCM (2.7 ml) at -78 “C under argon and stirred for 1 h. Et;N (732 pL, 5.3 mmol) was added
dropwise, stirred for 10 min at -78 “C then warmed to rt and stir further for 30 min. The reaction was
guenched with saturated NaHCO3 (25 mL) and extracted with DCM (2 x 20 mL). The combined organic
phase was dried (MgSQO,) and evaporated to give crude aldehyde as a pink oil (174 mg). To a stirred
suspension of freshly made EtPPh; (1.3 g, 3.5 mmol) in dry THF (11 mL) at rt under argon, NaH (132
mg of 60% NaH dispersed in mineral oil, 3.3 mmol) was added in one portion. The mixture was heated
to 60 °C and stirred for 4 h to give an orange solution. The solution was cooled to 0 °C and a solution of
the crude aldehyde (< 0.9 mmol) in dry THF (2 mL) added dropwise. The mixture was warmed to rt
and stirred for 15 min then cooled to 0 °C. Petrol (33 mL) was added and the mixture stirred vigorously
for 10 min then filtered over Celite and the solids washed with petrol/Et,O (20 mL). The filtrate was
evaporated to give crude brown solid. Purification by silica gel chromatography (EtOH.NHs/DCM,
0.5:99.5 to 4:96 as eluent) afforded product as a clear oil (103 mg, 59% over 3 steps). vmax/cm* (neat)
3018, 2963, 2936, 2785, 1599, 1488, 1446, 1234; o1 (CDCls, 400 MHz) 1.22 (3H, d, J = 6.5 Hz,
CH=CHMe), 1.86 — 2.03 (2H, m, NCH.CH), 2.08 (3H, s, NMe), 2.12 — 2.21 (1H, m, C,CHH), 2.31
(1H, ddd, J=12.8, 9.8, 6.7 Hz, C,CHH), 2.63 — 2.79 (2H, m, NCH), 5.63 - 5.78 (2H, m, CH=CHMe),
7.17—-7.39 (5H, m, 5 x CHa); ¢ (CDCls, 100 MHz) 15.8 (CH=CHMe), 21.9 (NCH,CHy), 35.5 (NMe),
40.8 (C4CHH), 52.8 (NCHy), 69.6 (C4Ph), 126.3 (CHa/) , 127.5 (CHa/), 127.6 (CH=CHMe), 127.8
(CHar) 133.0 (CH=CHMe), 142.6 (Cgar); ); HRMS (ESI*) m/z: [M-H*] calcd for Ci4H17N 200.1440;
found 200.1438.

Compound (£)-7j: 1-(benzyl) 2-(1-(Z)-4-methyl-pentenyl)-2-phenylpyrrolidine.
Me Me To asolution of S18 (282 mg, 0.9 mmol) in dry THF (8 mL)
with at 0 °C under argon was added LiAIH4 (109 mg, 2.8
Ph mmol) in one portion. The reaction was stirred at 0 °C for 5
& | min, warmed to 60 °C and stirred for 30 min. The reaction
N~ "CO,Et was cooled to 0 °C and water (110 pL), 15% agq. NaOH (110
N~ Ph 1) and water (330 pL) were added sequentially. The
Ph k mixture was stirred for 10 min and Et,O (50 mL) and MgSQO,
Ph were added and the mixture filtered through Celite.
Evaporation gave the product (272 mg, 97%) as a clear oil which was used directly. SOs.py (303.0 mg,
1.9 mmol) was dissolved in dry DMSO (1.7 mL) and stirred at rt for 15 min. The resulting solution was
added dropwise to a stirred solution of the crude alcohol and EtsN (0.7 mL, 5 mmol) dissolved in DMSO
(3.4 mL). was added and stirred at rt. The reaction was stirred at rt for 45 min and partitioned between
Et,O (10 mL) and sat. ag. NaHCOs (10 mL). The aqg. phase was extracted further with Et,O (10 mL).
Drying (MgSOQs) and evaporation gave the crude aldehyde (237 mg, 87%) as a yellow oil, which was
used directly without further purification. Isopentylphosphonium bromide S6 (740 mg, 1.8 mmol) was
dissolved/suspended in dry THF (5 mL) under argon at 0 °C. nBuLi (2.5 M, 680 pL of 2.5M nBuL.i in
hexanes, 1.7 mmol) was added dropwise over 2 min and the solution was warmed to rt. After 45 min
the deep orange solution was cooled to 0 °C and a solution of crude aldehyde (237 mg, <0.89 mmol) in
dry THF (2 mL) was added dropwise. The mixture was stirred for 10 min and acetaldehyde (50 pL)
added to quench the residual ylide. Et,O (20 mL) and petrol (20 mL) were added and the mixture filtered
through Celite and evaporated. Purification by silica gel chromatography (5-20% Et,O/petrol as eluent)

S18


javascript:
javascript:

afforded the title compound (180 mg, 67% over 3 steps) as a clear oil. vmax /cm™: 3040, 2954, 2870,
2800, 1493, 1453 and 1170; 8+ (CDCls, 400 MHz) 0.77 (6H, app. d, J 5.9, CMe,), 1.49 — 1.67 (3H, m,
CHMe; and allylic CHy), 1.83 — 1.97 (2H, m, NCH,CH), 2.21 — 2.30 (2H, m, NCH,CH>CHy), 2.54 —
2.68 (2H, m, NCH2CHy), 3.18 (1H, d, J 13.3, NCHHPh), 3.52 (1H, d, J 13.3, NCHHPh), 5.67 (1H, dt,
J11.8, 6.9, =CH-CH), 5.86 (1H, d, J 11.8, =CH-C,), 7.14 — 7.35 (8H, m) and 7.49 (2H, d, J 7.6); dc
(CDCls, 100 MHz) 22.1 (NCH2CH>), 22.5 (Me), 22.6 (Me), 28.7 (CHMe), 38.7 (allylic CH,), 41.1
(NCH2CH2CHy), 49.6 (NCH2CHy>), 54.0 (NCHPh), 70.4 (NCq), 126.4 (CHa/), 126.7 (CHar), 127.7 (2
x CHay), 127.8 (2 x CHar), 128.2 (2 x CHar), 128.5 (2 x CHar), 132.7 (=CH-CH>) , 133.1 (=CH-C,),
140.7 (Cq) and 143.9 (Cy); HRMS (ESI*) m/z: [M+H]* Calcd for Ca3H2gN 320.2378; found 320.2376.

Compound (£)-S19: 1-(benzyl) 2-aceto-2-phenylpyrrolidine.

Ph To a stirred solution of compound S18 (304 mg, 0.98 mmol) in dry THF (8 ml) at 0 °C
Oﬁ\’//o under argon, LiAlH4 (90 mg, 2.4 mmol) was added in one portion. The mixture was
N heated to 60 ‘C and stirred for 4 h then cooled to 0 °C. The reaction was quenched
kPhMe sequentially with water (90 pL), 15% ag. NaOH (90 pL), and water (360 pL). The
mixture was stirred for 10 mins, diluted with Et,O (10 mL) and dried over MgSO, further
for 10 min. The mixture was filtered over Celite and evaporated to give the crude alcohol as a clear oil
(158 mg). To a stirred solution of anhydrous DMSO (0.10 mL, 1.4 mmol) in DCM (3 mL) at — 78 °C
under argon was added oxalyl chloride (0.12 mL, 1.4 mmol) dropwise. The mixture was stirred for 15
min and a solution of crude alcohol (<0.98 mmol) in DCM (1.5 mL) dropwise. The reaction was stirred
at — 78 °C for a further 1 h and triethylamine (0.83 mL, 6.0 mmol) added dropwise. The reaction was
stirred for a further 3.5 h, warmed to rt and quenched by the addition of sat. ag. NaHCOs3 (30 mL). The
mixture was extracted with DCM (2 x 25 mL) and the combined organic phase dried (MgSO.,) and
evaporated to give the crude aldehyde (263 mg) as a yellow oil, which was used directly. To a solution
of crude aldehyde (<0.98 mmol) in dry THF (5 mL) at 0 °C was added MeMgBr (0.60 mL of a 3 M
solution in THF, 1.8 mmol) dropwise. The reaction was stirred at 0 °C for 1 h and further MeMgBr
(0.90 mL of a 3 M solution in THF, 2.7 mmol) added dropwise. The reaction was stirred for 30 min,
warmed to rt, stirred for 10 min and quenched by the addition of sat. ag. NaHCO3 (20 mL). The mixture
was extracted with EtOAc (2 x 25 mL) and the combined organic phase dried (MgSQ.) and evaporated
to give the crude alcohol (240 mg) as a yellow oil, which was directly. To a stirred solution of anhydrous
DMSO (0.10 mL, 1.4 mmol) in DCM (3 mL) at — 78 °C under argon was added oxalyl chloride (0.12
mL, 1.4 mmol) dropwise. The mixture was stirred for 15 min and a solution of crude alcohol (<0.98
mmol) in DCM (1.5 mL) dropwise. The reaction was stirred at — 78 °C for a further 1 h and triethylamine
(0.83 mL, 6.0 mmol) added dropwise. The reaction was stirred for a further 30 min and warmed to rt
over 15 min. The reaction was quenched by the addition of sat. ag. NaHCOs3 (25 mL). The mixture was
extracted with DCM (2 x 25 mL) and the combined organic phase dried (MgSO,) and evaporated to
give the crude product as an orange oil. Purification by silica gel chromatography (EtOAc/petrol, 5:95
to 1:4 as eluent) afforded the title compound (152 mg, 56% over 4 steps) as a pale yellow oil. vmax /cm’
1 (film) 2958, 1711, 1672, 1601, 1494, 1448 and 1351; &4 (CDCls, 400 MHz) 1.87 — 1.96 (2H, m,
NCH,CHy,), 2.14 — 2.26 (4H, m, NCH,CH,CHH and Me), 2.51 (1H, dt, J 14.6, 7.7, NCH,CH,CHH),
2.65 - 2.77 (2H, m, NCH.CH>), 3.28 (1H, d, J 13.2, NCHHPh), 3.78 (1H, d, J 13.3, NCHHPh), 7.18 —
7.42 (10H, 2 x Ph); 8¢ (CDCls, 101 MHz) 21.9 (NCH2CH,), 28.2 (Me), 36.3 (NCH,CH-CH>), 50.4
(NCHCHy), 54.6 (NCH.Ph), 79.6 (NC4Ph), 126.9 (CHar), 127.48 (CHar), 127.53 (2 x CHar), 128.35
(2 x CHar), 128.37 (2 x CHar), 128.5 (2 x CHar), 139.7 (Cq), 140.1 (Cq) and 209.8 (C=0); HRMS

(ESI") m/z: [M+H]* calcd for C19H22NO 280.1702; found 280.1698.

Compound ()-7k: 1-(benzyl) 2-(3-methyl-ethenyl)-2-phenylpyrrolidine.
Ph  Toastirred suspension of MePPhzBr (770 mg, 2.15 mmol) in toluene (11 mL) at rt under
N argon was added KO'Bu (240 mg, 2.14 mmol) and the mixture heated to 80 °C. After 80
k Me min the yellow reaction was cooled to 0 °C and a solution of substrate S20 (140 mg, 0.50
Ph mmol) in toluene (2 mL) added dropwise. The stirred reaction was heated to 60 °C, stirred
for 4 h and cooled to 0 °C. The excess ylide was quenched by the dropwise addition of acetaldehyde
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(0.10 mL), the reaction stirred for 10 min and diluted with Et,O/petrol (1:1, 35 mL). After stirring for a
further 10 min the reaction was filtered though Celite and the filtrate evaporated to give a yellow oil.
Purification by silica gel chromatography (2% Et,O in petrol as eluent) to afford the title compound (85
mg, 61%) as a clear oil. vmax /cm™ (film) 2970, 1643, 1599, 1493, 1445 and 1363; 31 (CDCls, 400 MHz)
1.70 (3H, s, Me), 1.79 -2.00 (2H, m, NCH.CH), 2.19 (1H, td, J 12.1, 6.5, NCH.CH.CHH), 2.36 (1H,
app. q, J 8.8, NCHHCH), 2.46 (1H, ddd, J 14.1, 10.0, 5.0, NCH.CH.CHH), 2.67 (1H, d, J 13.7,
NCHHPh), 2.88 (1H, td, J 9.3, 3.3, NCHHCH), 3.82 (1H, d, J 13.7, NCHHPh), 5.06 (1H, s, =CHH),
5.35 (1H, s, =CHH) and 7.17 — 7.40 (10H, m, 2 x Ph); éc (CDCls, 101 MHz) 21.56 (Me), 21.64
(NCH2CH2), 37.8 (NCH2CH2CH2), 50.7 (NCH2CH?2), 54.9 (NCH2Ph), 74.2 (NC4Ph), 111.3 (=CH2),
126.5 (CHar), 126.6 (CHar), 127.7 (2 x CHar), 128.20 (2 x CHar), 128.22 (2 x CHay), 128.3 (2 x CHay),
140.80 (Cg), 140.85 (Cq) and 148.3 (Cq); HRMS (ESIY) m/z: [M+H]" calcd for C2H24N 278.1909; found
278.1907.

3.7 Preparation of 2-phenyl-octahydroindole allylic amine substrates
Compound S20: Methyl (2S,3aS,7aS)-1-[(phenyl)- carbamoyl]-octahydro-1H-indole-2-carboxylate.
H H Using an adapted literature procedure,!! a stirred
: : suspension of (2S,3aS,7aS)-octahydro-1H-indole
Q_)\ . Q—_>\ carboxylic acid (2.2 g, 13 mmol) in MeOH (33
"N~ TCO,H H N~ "CO,Me mL) at 0 °C under argon, thionyl chloride (2.2
H mL, 28 mmol) was added dropwise. The mixture
was warmed to rt and stirred for 23 h. The mixture
was evaporated, and the residue partitioned between saturated NaHCO3 (45 mL) and DCM (90 mL).
The phases were separated, and the aq. phase extracted further with DCM (2 x 90 mL). The combined
organic phase was dried (MgSQ,) and evaporated to give the free-base amine ester as a clear oil (2.2
g). All spectra data was in accord with that reported.** This was dissolved in DCM (58 mL) at rt under
argon, phenyl isocyanate (1.5 mL, 13 mmol) was added dropwise. The mixture was stirred for 1.5 h and
guenched with water (60 mL). The phases were separated, and the ag. phase was extracted further with
DCM (2 x 60 mL). The combined organic phase was dried (MgSQ,) and evaporated to give a white
solid (5 g). Purification by silica gel chromatography (EtOAc/petrol, 1:9 to 1:1 as eluent) afforded the
product as a fine white powder (3.7 g, 93% over 2 steps). All spectral data was in accord with that
reported.*2

@) NHPh

Compound S21: (2R,3aS,7aS)-2-phenyl-octahydro-1H-indole-2-carboxylic acid.
Following an adapted procedure,'? to a stirred

d__)\ H Ph solution/suspension of compound S20 (1.3 g, 4.1
. m mmol) in dry DCM (20.8 mL) at 0 °C under argon,

"N TCO,Me >N CO,H TMSCI (3.8 mL, 29.9 mmol) was added dropwise.
H H H The mixture was warmed to rt and stirred for 15 h.

O™ "NHPh The mixture was cooled to 0 °C, dry MeOH (7.2

mL) was added dropwise and stirred further for 20 min. The mixture was cooled to -78 °C and EtsN (4.3
mL, 31 mmol) added dropwise. The mixture was added dropwise to a vigorously stirred solution of
saturated NaHCO; (60 mL) at 0 ‘C and extracted with DCM (3 x 60 mL). The combined organic phase
was dried (MgSO4) and evaporated to give the crude product (1.6 g, ca. 88% conversion of by *H NMR
to the MOM protected urea). To a stirred solution of crude MOM protected urea (1.6g, <4.1 mmol) in
dry THF (41 mL) and LiCl (438 mg, 10.3 mmol) at -78 "C under argon, 20% KHMDS in THF (11.8
mL, 10.3 mmol) was added dropwise. The mixture was stirred at -78 °C for 30 min then warmed to rt
and stirred further for 4 h. The mixture was poured over saturated NaHCO3 (150 mL) and extracted
with EtOAc (3 x 200 mL). The combined organic phase was dried (MgSO.) and evaporated to give
crude the hydantoin as a dark brown oil (1.1g). This was dissolved in dioxane (5.3 mL) with stirring at
rt, 4 M ag. NaOH (32 mL) was added dropwise. The mixture was heated to 120 °C for 4 days. The
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mixture was allowed to cool to rt and acidified with 3M HCI. The excess insoluble solids were filtered
off. The acidic medium containing the product was loaded onto DOWEX50WX4 ion exchange resin
(pre-washed with ag. 3M HCI). Once loaded the column was washed sequentially with one column
length of water, dioxane and then water. The product was eluted with 35% NH; and the eluent
evaporated under reduced pressure at 70 ‘C. The residual water was removed by azeotropic removal of
toluene to afford the product as a yellow solid (400 mg, 40% over 3 steps). All spectral data was in
accord with that reported.?

Compound S22: (2R,3aS,7aS)-1-benzyl-2-O-methyl-2-phenyl-octahydroindole-2-carboxylate.
H To a stirred suspension of amino acid S21 (259 mg, 1 mmol) in MeCN (10 mL),
@Ph K.COs (337 mg, 2.4 mmol), Nal (24 mg, 0.2 mmol) and BnBr (264 L, 2.2

) mmol) were sequentially added. The mixture was heated 60 °C and stirred for
H En COBN 22 h. The mixture was cooled to rt and evaporated. The resulting residue was
partitioned between water (15 mL) and DCM (15 mL). The phases were
separated, and the ag. phase extracted further with DCM (2 x 15 mL). The combined organic phase was
dried (MgSO.) to give an orange oil. Purification by silica gel chromatography (Et.O/petrol, 0:100 to
5:95 as eluent) afforded product as a clear oil (266 mg, 59%). vmax/cm* (neat) 3029, 2935, 2852, 1722,
1494, 1446. 64 (CDCls, 400 MHz) 1.23 — 1.60 (8H, m, 4 x CHy) 2.08 (1H, dd, J = 13.1, 7.8 Hz,
C4PhCHH), 2.27 (1H, m, NCHCH), 2.99 (1H, dd, J = 13.1, 10.9 Hz, C,PhCHH), 3.79 (1H, d, J = 14.7
Hz, NCHHPh), 3.91 (1H, d, J = 14.7 Hz, NCHHPh) 5.19 (1H, d, J = 12.1 Hz, CO,CHHPh), 5.29 (1H,
d, J=12.1 Hz, CO,CHHPh), 7.15 — 7.40 (15H, m, 15 x CHa,). 8¢ (CDCls, 101 MHz) 21.6 (CH), 23.0
(CHy), 25.2 (CH), 26.8 (CH,), 35.6 (NCHCH), 42.9 (C4PhCH.), 50.7 (NCHPh), 59.9 (NCHCH), 66.8
(CO2CHy), 74.4 (NC4Ph), 126.5 - 126.9 (3 x CHAar), 128.0 — 128.7 (5 X CHay), 135.9 (Cqar), 141.0 (Cgar),
145.2 (Cyar), 175.8 (CO2Bn); HRMS (ESI*) m/z: [M+H]" calcd for CxgH:1NO, 426.2435; found
426.2434.

Compound 70: (2R,3aS,7aS)-1-benzyl-2-vinyl-2-phenyl-octahydroindole.
To a stirred solution of compound S22 (486 mg, 1.1

T H om
S Ph s \ mmol) in dry THF (11.5 mL) at 0 'C, LiAIH, (95 mg,
I \ — ' 2.5 mmol) was added in one portion. The mixture was
i En CO,Bn |_~| g “Pnh warmed to rt, stirred for 50 min then cooled to 0 °C. The
n

reaction was quenched sequentially with water (100
pL), 15% ag. NaOH (100 pL) and water (300 uL), stirred for 10 min then diluted with Et,O (10 mL)
and dried over MgSO. for 10 min. The mixture was filtered through Celite and product eluted with
Et,O, DCM and EtOAc (10 mL of each) and the filtrate evaporated to give a crude 1:1 mixture of the
secondary alcohol and BnOH (498 mg). This was dissolved in dry DCM (3.6 mL) under argon and
added dropwise to a 15 min pre-mixed solution of dry DMSO (234 uL, 3.3 mmol) and oxalyl chloride
(285 pL, 3.3 mmol) in dry DCM (7 mL) at — 78 "C. The mixture was stirred for 1 h, EtsN (1.9 mL, 13.6
mmol) was added dropwise and the mixture stirred further for 1 h. The mixture was allowed to warm
to rt over 15 min, quenched with saturated NaHCO3 (20 mL) and extracted with DCM (2 x 15 mL). The
combined organic phase was dried (MgSO.) and evaporated to give a crude 1:1 mixture of aldehyde
product and PhCHO (599 mg). To a stirred suspension of MePPhsBr (1.6 g, 4.6 mmol) in toluene (15
ml) at rt, ‘BuOK (511 mg, 4.6 mmol) was added in one portion. The mixture was heated to 90 “C and
stirred for 1.5 h, forming a yellow solution. This was cooled to 0 °C and a solution of the crude aldehyde
in toluene (3 mL) added dropwise. The mixture was warmed to rt and stirred for 30 min then cooled to
0 °C. The excess ylide was quenched with MeOH (1 mL), Et;O (18 mL) was added and the mixture
stirred vigorously for 10 min then filtered over Celite. The solids were washed with Et,O (25 mL) and
the filtrate evaporated to give an orange oil. Purification by silica gel chromatography (Et.O/petrol,
0.5:99.5 to 3:97 as eluent) afforded the product as a clear oil (96 mg, 53% over 3 steps). vmax/cm™
(neat) 3081, 3060, 3026, 2921, 2851, 2806, 1493, 1453; 64 (CDCls, 400 MHz) 1.18 — 1.68 (8H, m, 4 x
CHa(eyclohexyny), 1.94 (1H, dd, J = 12.3, 7.2 Hz, C4PhCHH), 2.23 — 2.33 (1H, m, NCHCH), 2.48 (1H, t, J
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=12.2 Hz, NC,PhCHH), 3.07 (1H, dt, 10.9, 5.6 Hz, NCHC), 3.68 (1H, d, J = 14.5 Hz, NCHHPh), 3.84
(1H, d, J =14.5 Hz, NCHHPh), 5.08 (1H, d, 17.4 Hz, CH=CHH), 5.28 (1H, d, J = 10.6 Hz, CH=CHH),
6.22 (1H, dd, J=17.4,10.8 Hz, CH=CH,), 7.12 - 7.24 (2H, m 2 X CHa/), 7.31 (4H, td, J=7.2, 2.3, 4 X
CHar), 7.45 (2H, d, J = 7.5 Hz, 2 CHa), 7.58 (2H, d, J = 7.5 Hz, 2 CHay). 8¢ (CDCls, 101 MHz) 21.4
(CHZ(cycIohexyl)), 23.5 (CHZ(cycIohexyl)), 26.0 (CHZ(cyclohexyl)), 26.6 (CHZ(cycIohexyl)). 34.9 (NCHCH), 43.4
(C4PhCHy), 50.4 (NCH,Ph), 59.0 (NCHCH), 70.3 (NCyPh), 114.9 (CH=CH,), 126.1 (CHa), 126.5
(CHar), 127.6 and 127.8 (2 x CHa,), 128.2 and 128.4 (2 x CHa,), 145.6 (CH=CHy) 141.3 (Cqar), 147.8
(Coar); HRMS (ESI) m/z: [M+H]* Calcd for CzsH27N 318.2223; found 318.2220.

Compound 7p: (2R,3aS,7aS)-1-benzyl-2-(1-(Z)-propenyl)-2-phenyl-octahydroindole.
y Me To a stirred solution of compound S22 (337 mg, 0.8

H . .
S Ph g \ mmol) in dry THF (8 mL) at 0 C under argon LiALH,
&X . (66 mg, 1.7 mmol) was added in one portion. The
ﬁ E CO,Bn N7 “pp,  Mixture was warmed to rtand stirred 2.5 h. The reaction
n

H Bn was quenched sequentially with water (70 uL,), 15% aqg.
NaOH and water (210 pL). The mixture was stirred for 10 min, diluted with Et,O (10 mL) and dried
over MgSO4 for 10 min. The mixture was filtered through Celite and eluted sequentially with Et,O (10
mL), DCM (10.0 mL) and EtOAc (10 mL). The filtrate was evaporated to give a 1:1 mixture of the
secondary alcohol product and benzyl alcohol (338 mg). A solution of the crude alcohol mixture in
DCM (2.5 mL) was added dropwise to a 15 min pre-mixed solution of oxalyl chloride (198 uL, 2.3
mmol) and dry DMSO (162 pL, 2.3 mmol) in DCM (4.9 mL) at -78 °C under argon. The mixture was
stirred for 1 h, EtsN (1.3 mL, 9.5 mmol) was added dropwise and stirred further for 1 h. The mixture
was allowed to warm to rt over 15 min, quenched with saturated NaHCO3 (15 mL) and extracted with
DCM (3 x 10 mL). The combined organic phase was dried (MgSQO,) and evaporated to give a 1:1
mixture of the aldehyde product and benzaldehyde as an orange oil (339 mg, of which 75% was used
in the subsequent reaction, <0.59 mmol). To a stirred suspension of EtPPhsBr (2 g, 5.4 mmol) in dry
THF at rt under argon, NaH in mineral oil (60% dispersion, 194 mg, 4.9 mmol) was added portionwise.
The mixture was heated to 60 °C for 5 h forming a bright orange solution. This was cooled to 0 °C, a
solution of the crude aldehyde mixture (ca. 0.59 mmol) in dry THF (3 mL) was added dropwise. The
mixture was warmed to rt and stirred for 20 min then quenched with MeOH (200 pL). The mixture was
cooled to 0 °C, petrol (57 mL) wad added and stirred vigorously for 10 min. The mixture was filtered
over celite, and solids washed with petrol/Et,O (5:1, 20 mL). The filtrate was evaporated to give crude
product as orange oil. Purification by silica gel chromatography (Et.O/Petrol, 0% 1% as eluent) afforded
the product as a clear oil (155 mg, 59% over 3 steps). [0]?%b = +61.2 (¢ 0.12, DCM). vmax/cm™* (neat)
3060, 3023, 2924, 2852, 1493, 1145, 1362; 64 (CDCls, 400 MHz) 1.20 — 1.73 (11H, m, 4 X CHa(cyclohexyt)
and =CHMe), 2.23 — 2.49 (3H, m, C4CH;, and NCHCH), 2.96 (1H, dt, J = 9.9, 5.4 Hz, NCH) 3.30 (1H,
d, J = 14.2 Hz, NCHHPh), 3.82 (1H, d, 14.2 Hz, NCHHPh). 5.64 (1H, m, CH=CHMe), 6.06 (1H, d, J
=11.4 Hz, CH=CHMe), 7.15 - 7.39 (8H, m, 8 x CHa/), 7.58 (2H, d, J = 7.7 Hz, 2 X CHa/); &c (CDCls,
101 MHz) 16.0 (=CHMe), 21.4 (CHagycionexyn)), 22.0 (CHagyclonexyn)), 22.8 (CHaceycionexyny), 27.8
(CHageyclohexyny), 36.4 (NCHCH), 48.0 (C4PhCHy), 49.8 (NCH2Ph), 59.0 (NCH), 69.5 (C4Ph), 125.8
(CH=CHMe), 126.0 (CHa), 126.4 (CHar), 127.7 (CHa/), 128.4 (CHas), 138.8 (CH=CHMe), 141.7
(Cqar), 147.9 (Cqar); HRMS (ESIY) m/z: [M+H]* calcd for Ca4H29N 332.2380; found 332.2378.
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3.8 Preparation of 2-phenylpiperidine allylic amine substrates

Compound ()-S23: N-Boc-2-phenylpiperidine.
To astirred solution of 2-phenylpiperidine (1.00 g, 6.2 mmol) in THF (15 mL) at rt under
argon was added Boc,0 (1.60 g, 7.3 mmol) in one portion. The reaction was stirred for 1
N” “Ph h, evaporated and purified by silica gel chromatography (EtOAc/petrol, 1:19 to 5:95 as
Boc eluent) to afford the title compound (1.42 g, 88%) as a clear oil which crystallised on
prolonged standing. All spectral data was in accord with that reported.*

Compound (£)-S24: 1-(tert-butyl) 2-ethyl 2-phenylpiperidine-2-carboxylate.
Following an adapted literature procedure,® a stirred solution of substrate S23 (500
@COZEt mg, 1.92 mmol) in dry THF (12 mL) was degassed by sparging with argon and cooled
N™ “ph to -40 °C. "BuLi (0.98 mL of a 2.5 M solution in hexanes, 2.4 mmol) was added
Boc dropwise over 2 min and the resulting yellow solution stirred for 30 min. Ethyl
chloroformate (0.64 mL, 6.7 mmol) was added dropwise to give a blood red solution. The reaction was
allowed to warm to rt over 3 h and the colourless reaction was quenched by the addition of methanol (5
mL) and evaporated. The residue was purified by silica gel chromatography (EtOAc/petrol, gradient
elution: 5:95 to 1:4 as eluent) to afford the title compound (500 mg, 78%) as a clear oil. All spectral
data was in accord with the literature.

Compound (£)-S25: 1-(benzyl)-2-ethyl-2-phenylpiperidine-2-carboxylate.
To a stirred solution of compound S24 (470 mg, 1.4 mmol) in DCM (7 mL) at 0 °C
QCOZEt under argon was added TFA (7 mL, 91 mmol) dropwise. The reaction was warmed to
N™ “pp rt, stirred for 2.5 h and evaporated to give a yellow oil which was redissolved in MeCN
kph (20 mL). Potassium carbonate (550 mg, 4.0 mmol), sodium iodide (20 mg, 0.13 mmol)
and benzyl bromide (210 pL, 1.8 mmol) were added, and the reaction heated to 60 °C.
After 14 h the reaction was cooled and concentrated in vacuo. The residue was partitioned between
water (20 mL) and DCM (15 mL), the phases separated, and the aqueous phase extracted with DCM
(15 mL). Drying (MgSO4) and evaporation gave the crude product as a pink oil. Purification by silica
gel chromatography (Et.O/petrol, 1% to 5% as eluent) afforded product as a clear oil (315 mg, 69%
over two steps) as a clear oil. vmax /cm™ (film) 2939, 1724, 1493, 1445 and 1222; 54 (CDCls, 400 MHz)
1.40 (3H, t, J 7.2, Me), 1.46 — 1.69 (3H, m, NCH2:CH; and C4-CH,CHH), 1.74 (1H, d, J 13.3, Cq¢-
CH.CHH), 1.85 (1H, td, J 12.8, 3.7, C,-CHH), 2.36 (1H, d, J 13.2, C4-CHH), 2.49 (1H, app. t, J 11.9,
NCHHCH,), 2.81 (d, J 12.4, NCHHCHy), 3.69 (1H, d, J 15.6, NCHHPh), 3.80 (1H, d, J 15.6, NCHHPh),
4.39 (2H, app. q, J 7.3, CH:Me), 7.15 - 7.23 (2H, m), 7.24 — 7.36 (6H, m) and 7.38 — 7.48 (2H, m); 6¢c
(CDCls, 100 MHz) 14.7 (Me), 23.0 (C4-CH2CH,), 25.9 (NCH.CHy), 39.8 (C4-CHy>), 47.9 (NCH.CH,),
56.0 (NCH2Ph), 60.5 (OCH:Me), 73.2 (NC,), 126.3 (CHar), 126.7 (2 X CHar), 127.5 (CHar), 127.7 (2
x CHar), 128.2 (2 x CHay), 128.4 (2 x CHar), 141.5 (Cy), 143.8 (Cq) and 174.2 (COEt); HRMS (ESI*)
m/z: [M+H]" calcd for C,1H2sNO-, 324.1965; found 324.1965.

Compound 7q: 1-(benzyl)-2-vinyl-2-phenylpiperidine.
To a stirred solution of substrate S25 (190 mg, 0.6 mmol) in dry
@CozEt O{\ THF (5.5 mL) at 0 °C under argon was added LiAlH4 (70 mg, 1.8
N™ “pp T~ "N” “pp  mmol) in one portion. The mixture was stirred for 80 min, heated
L L to 60 °C, stirred for an additional 30 min and cooled to 0 °C. Water
Ph Ph (70 pL), 15% aqg. NaOH (70 pL) and water (210 pL) were added
sequentially, and the mixture stirred for 10 min, diluted with Et,O (15 mL) and dried over MgSO4 for
a further 10 min. The mixture was filtered through Celite, eluting with EtOAc and DCM, and the filtrate
evaporated to give a clear oil (180 mg). The crude alcohol and triethylamine (410 pL, 2.9 mmol) were
dissolved in dry DMSO (2 mL) at rt under argon. A solution of SOs.py (175 mg, 1.1 mmol) in dry
DMSO (1 mL, solution pre-mixed for 15 min) was added dropwise and the reaction stirred at rt. After
13 h the reaction was partitioned between Et,O (25 mL) and half-saturated aq. NaHCO3 (40 mL). The
phases were separated, the aqueous phase extracted with Et,O (20 mL) and the combined organic phase
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dried (MgS0Q.) and evaporated to give the crude aldehyde (153 mg) as a red oil which was used directly
without further purification. To a stirred suspension of methyltriphenylphosphonium bromide (830 mg,
2.3 mmol) in dry toluene (12 mL) at rt under argon was added potassium tert-butoxide (260 mg, 2.3
mmol) in one portion and the reaction heated to 75 °C. After 2 h the yellow mixture was cooled to 0 °C
and a solution of crude aldehyde (<0.54 mmol) in toluene (2 mL) added dropwise. The reaction was
stirred at 0 °C for 10 min, warmed to rt, stirred for an additional 10 min and the excess ylide quenched
by the addition of acetaldehyde (0.10 mL). The reaction was cooled to 0 °C and diluted with Et,O/petrol
(15 mL, 1:2). After stirring for a further 5 min the mixture was filtered through Celite and the filtrate
evaporated. The residue was purified by silica gel chromatography (Et.O/petrol, 5:95 as eluent) to
afford the title compound (87 mg, 53% over 3 steps) as a clear oil. vmax /cm™ (film) 2934, 2798, 1600,
1492 and 1444; 64 (CDCls, 400 MHz) 1.55 — 1.76 (4H, m, NCH,CH,CH>), 1.83 (1H, app. t, J 12.2,
C4CHH), 2.05 (1H, dd, J 13.6, 4.3, C,CHH), 2.40 (1H, dt, J 12.1, 6.4, NCHHCH_), 2.71 (1H, d, J 12.1,
NCHHCH,), 3.24 (1H, d, J 14.4, NCHHPh), 3.74 (1H, d, J 14.4, NCHHPh), 5.31 (1H, d, J 17.9, =CHH),
5.64 (1H, d, J 11.2, =CHH), 6.09 (1H, dd, J 18.0, 11.2, CH=CH,), 7.15 - 7.23 (2H, m), 7.26 — 7.34 (4H,
m), 7.38 (2H, d, J 7.8) and 7.69 (2H, d, J 7.7); c (CDCls, 100 MHz) 22.0 (CH>), 26.0 (CH.), 37.9 (Cg-
CHy), 47.3 (NCH2CHy>), 54.6 (NCHPh), 66.5 (NCq), 118.7 (=CHy), 126.4 (CHa/), 126.6 (CHa), 127.1
(2 x CHar), 128.0 (2 x CHay), 128.2 (4 x CHar— two environments overlap), 137.0 (CH=CH,), 140.8
(Cy) and 147.8 (Cgy); HRMS (ESI*) m/z: [M+H]* Calcd for Cz3H2oN 278.190874; found 278.1905.

Compound (£)-7r: 1-(benzyl)-2-(1-(Z)-propenyl)-2-phenylpiperidine.
To a stirred solution of compound S25 (336.0 mg, 1.0 mmol) in
@COZEt (ﬁ dry THF (9.7 mL) at 0 "C under argon, LiALH4 (124 mg, 3.3
N ph N <Ph [nmol) was added in one pqrtion. The mixture was heated to 60
Bn Bn C for 1 h then cooled to 0 'C. Water (130 pL), 15% ag. NaOH
(130 pL) and water (390 L) were added sequentially, and the
mixture stirred for 10 min, diluted with Et,O (26 mL) and dried over MgSO; for a further 15 min. The
mixture was filtered through Celite, eluting with EtOAc (10 mL) and DCM (10 mL). The filtrate was
evaporated to give crude mono-alcohol as clear oil (254 mg, <0.9 mmol). This was dissolved in dry
DMSO (2.5 mL) at under argon and Et;N (760 pL, 5.5 mmol) added. To this, a 15 min premixed
solution of SO3.Py (313.0 mg, 2.00 mmol) was added dropwise, and the mixture stirred for 18 h. The
mixture was partitioned between saturated NaHCO3 (50 mL) and Et;O (40 mL). The phases were
separated, and the ag. phase extracted further with Et,O (40 mL). The combined phase was dried
(MgSQ.) and evaporated to give crude red oil (244.0 mg, 75% conversion of SM by H-NMR). The
crude oil was re-dissolved in dry DMSO (2.5 mL) at under argon and Etz;N (380 L, 2.7 mmol) added.
To this, a 15 min premixed solution of SOs.Py (157 mg, 1. mmol) was added dropwise, and the mixture
stirred for 18 h. The mixture was partitioned between saturated NaHCO3 (30 mL) and Et,O (30 mL).
The phases were separated, and the ag. phase extracted with Et,O (30 mL). The combined organic phase
was dried (MgSO4) and evaporated to give the crude aldehyde as a red oil (186 mg, <0.6 mmol). To a
stirred suspension of EtPPhsBr (958 mg, 2.6 mmol) in dry THF (12 mL) at -10 "C under argon, nBuL.i
(970 pL of a 2.5M solution in hexane, 2.4 mmol) was added dropwise. The mixture was stirred for 30
min until orange solution had formed. The crude aldehyde was dissolved in dry THF (2 mL) under
argon and added to the ylide solution. The mixture was warmed to rt and stir for 20 min. The mixture
was quenched with MeOH (2 mL), cooled to 0 °C and diluted with petrol (30 mL). The mixture was
vigorously stirred for 10 min then filtered over Celite. The solids were washed with petrol/Et,O (5:1,
20 mL) and the filtrate evaporated to give crude oil. Purification by silica gel chromatography
(Et,O/petrol, 1:99 to 1:9) afforded the product as a clear oil (136 mg, 52% over 3 steps). vmax/cm™ (neat)
3019, 2933, 2857, 2798, 1600, 1492, 1444; &4 (CDCls, 400 MHz) 1.53 — 1.69 (7H, m, =CHMe and
NCH,CH, and C,CH,CH,), 1.86 — 1.97 (1H, m, C,CHH), 2.17 (1H, d, J = 13.2 Hz, C,CHH), 2.48 (1H,
td, J=13.3, 6.5 Hz, NCHH), 2.71 (1H, d, J = 11.6 Hz), 3.08 (1H, d, J = 14.1 Hz, NCHHPh), 3.57 (1H,
d, J = 14.1 Hz, NCHHPh), 5.74 (1H, d, J = 12.3 Hz, CH=CHMe), 5.92 - 6.04 (1H, m, CH=CHMe),
7.14-7.36 (8H, m, 8 X CHa/), 7.71 (2H, d, J = 7.7 Hz, 2 X CHa/). 6c (CDCl3, 101 MHz) 16.3 (=CHMe),
22.1 (C4CH2CHy), 26.0 (NCH2CHy>), 40.3 (C4CHy>), 47.3 (NCHy>), 54.9 (NCHPh), 67.0 (NC4Ph), 126.4
(CHa), 127.0 (CHar), 127.6 (CHa/), 128.1 — 128.2 (3 x CHar), 128.4 (=CHMe), 128.9 (CH=CHMe),
140.9 (Cqar), 146.2 (Cyar). HRMS (ESI) m/z: [M+H]* Calcd for C21H2sN 292.2065; found 292.2063.
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3.9 Preparation of trans-alkene isomer 7r
Compound (R)-S26: 2-Trichloromethyl-5-(1-(allyl)-1-aza-3-oxabicyclo[3.3.0]- octane-4-one.

(/ Following an adapted procedure.” To a stirred solution of 'Pr.NH (2.40 mL, 17.4 mmol)
indry THF (35 mL) at -78 °C under argon, "BuL.i (9.0 mL of a 2.0 M solution in hexane,
Oifo 18 mmol) was added dropwise. The mixture was stirred for 30 min and a pre-cooled
N\_ solution at 0 °C of protected proline compound (S)-S9 (3.00 g, 12.3 mmol) in dry THF
o (25 mL) under argon added to the stirred LDA solution over 4 min. The mixture was
stirred for 30 min and allyl bromide (1.9 mL, 22 mmol) was added dropwise. The
mixture was warmed to -40 °C and stirred for a further 30 min. The reaction was poured over water (70
mL) and extracted with DCM (3 x 70 mL). The combined organic phase was dried (MgSQO4) and
evaporated to give the crude product as a brown oil. Purification by silica gel chromatography
(EtOAc/petrol, 5:95 to 1:4 as eluent) afforded the title compound as a clear oil (1.7 g, 49%). All spectral
data was in accord with that reported.’

Cl,C

Compound (R)-S27: N-benzyl-O-benzylpyrrolidine-2-(1-(allyl)-2-carboxylate.

K To a stirred solution of compound S26 (1.7 g, 6.0 mmol) in 2-propanol (28 mL) at rt,
R ag. HCI (6 M, 28 mL) was added. The mixture was stirred at rt for 5 days, heated 50
[_)\ °C for 6 h and cooled to rt. The reaction was evaporated under reduced pressure and
E‘n CO,Bn  the residual water removed by azeotropic removal of toluene (4 x 60 mL) to give a

white oily solid. This was dissolved in MeCN (42 mL) at rt with stirring. K.COs (2.6
g, 19.2 mmol), Nal (135 mg, 0.9 mmol) and BnBr (1.50 mL, 12.6 mmol) were added sequentially and
the mixture heated to 90 °C. After 17 h the reaction was cooled to rt and evaporated. The residue was
dissolved in water (90 mL) and extracted with DCM (2 x 90 mL). The combined organic phase was
dried (MgSQ,) and evaporated to give a brown oil. Purification by silica chromatography (Et.O/petrol,
1:99 to 1:9 as eluent) afforded the product as a clear oil (1.1 g, 57% over 2 steps). [a]*%> = +47.8 (C
0.680, DCM). vimax /cm™ (neat) 3065, 3030, 2949, 2806, 1720, 1512, 1454; &4 (CDCls, 400 MHz) 1.64
—1.86 (3H, m, NCH,CH, and NCH,CH,CHH), 2.18 (1H, ddd, J = 12.2, 8.9, 4.9 Hz, NCH,CH,CHH),
2.44 — 2.61 (2H, m, NCHH and CHHCH=CHy), 2.71 (1H, dd, J = 14.2, 7.6 Hz, CHHCH=CH,)), 2.86
(1H, td, J = 8.4, 3.3 Hz, NCHH), 3.30 (1H, d, J = 13.4 Hz, NCHHPh), 3.97 (1H, d, J = 13.5 Hz,
NCHHPh),), 5.05 — 5.25 (4H, m, CO,CH;Ph and CH=CH), 5.91 (1H, ddt, J = 17.1, 10.1, 7.1 Hz,
CH=CH;), 7.16 — 7.45 (10H, m, 10 xCHa:); dc (CDCl;, 101 MHz) 21.8 (NCH.CH.), 33.9
(NCH2CH:CHz, 39.3 (CH2CH=CHy), 51.6 (NCHy), 53.4 (NCHzPh), 66.2 (CO,CH2Ph), 70.3 (NCCO>),
118.1 (CH=CH,), 126.8 (CHar), 128.3 — 128.8 (5 x CHar), 134.3 (CH=CHy), 136.2 (Cqar), 140.3 (Cqar)
174.3 (CO2Bn); HRMS (ESI*) m/z: [M+H]* Calcd for C22H2sNO2 336.1965; found 336.1959.

Compound (R)-7r: N-benzyl-O-benzylpyrrolidine-2-(1-(E)-propenyl)-2-carboxylate.

Me To a flame-dried Schlenk tube under argon, Ru(PPhs)sH(CO)CI (145.5 mg, 0.15
r mmol) was added followed by dry THF (5 mL). A solution of compound S27 (512.6
[_)\ mg, 1.5 mmol) in dry THF (10 mL) was added and the stirred mixture heated to 70

N~ co,Bn °C. After 16.5 h the mixture was allowed to cool to rt and evaporated. Purification by
Bn silica gel chromatography (petrol/CHCI;, 4:6 to 1:9 as eluent) afforded the product as
a clear oil (304 mg, 59%). [a]® b = +4.25 (c 0.561, DCM). vmax/cm™ (neat) 3063, 3030, 2960, 2831,
1722, 1495, 1453; &4 (CDCls, 400 MHz) 1.72 (3H, d, J = 4.8 Hz, CH=CHMe), 1.73 — 1.93 (3H, m,
NCH,CH; and NCH,CH>CHH), 2.36 (1H, dt, J = 12.5, 6.7 Hz, NCH.CH,CHH), 2.62 (1H,q,J=7.5
Hz, NCHH), 2.88 (1H, dt, J = 8.7, 6.7 Hz), 3.91 (1H, d, J = 13.9 Hz, NCHHPh), 5.16 (2H, A/B q,
CO,CH,Ph), 5.64 —5.78 (2H, m, CH=CHMe), 7.16 — 7.41 (10H, m, 10 x CHay); dc (CDCls;, 101 MHz)
18.3 (CH=CHMe), 21.7 (NCH:CHz), 37.9 (NCH2CH:CH), 50.5 (NCH), 53.8 (NCH:Ph), 66.3
(CO2CH2Ph), 77.6 (NCCOy), 126.4 (CH=CHMe), 126.7 (CHar), 128.3 — 128.6 (3 x CHa/), 1315
(CH=CHMe), 136.2 (Cgar), 140.8 (Cqar), 174.3 (CO.Bn); HRMS (ESI*) m/z: [M+H]"* Calcd for
C22H25N02 336.1965; found 336.1957.
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3.10 Palladium-catalysed ring expansion reactions

General procedure 1 for ring expansion reactions

To a dried Schlenk tube was added [Pd(allyl)Cl]. (5 mol%) followed by the sequential addition of dry
solvent, P(OEt); (20 mol%) and morpholine (40 mol%). The mixture was stirred at rt for 5 min, forming
a yellow solution. Substrate (1 equiv.) in dry solvent was added followed by TFA (1 equiv). The Schlenk
tube was sealed and the stirred mixture heated to the specified temperature. After 16 h the reaction was
cooled and the mixture was taken up in DCM (15 mL) and washed with saturated NaHCO3 (15 mL).
The phases were separated, and the ag. phases extracted with DCM (15 mL). The combined organic
phase was dried over (MgSQ.) and evaporated to give crude product which was purified by silica gel
chromatography.

Compound 8a: 2,3,4,7-tetrahydro-N-benzyl-azepane-O-benzyl-5-carboxylate.
CO,Bn Following general procedure 1 employing [Pd(allyl)Cl]; (2.75 mg, 7.5 x 10 mmol)
DCM, (0.7 mL), P(OEt); (5 puL, 0.029 mmol), morpholine (5 pL, 0.057 mmol),

N substrate 7a (40 mg, 0.15 mmol) and TFA (11 pL, 1.4 x 10" mmol). Purification by

N silica gel chromatography (Et.O/petrol containing 1% EtsN, 5% to 20% as eluent)

) afforded product as a clear oil (38 mg, 95%). vmax /cm™* (neat) 3030, 2829, 2807, 2775,
Ph 1703, 1453; 61 (CDCls, 400 MHz) 1.74 (p, J = 6.0 Hz, 2H, NCH,CH>), 2.71 — 2.61

(m, 2H, NCH,CH,CHy>), 2.85 (t, J = 6.1 Hz, 2H, NCH,CHy), 3.29 (d, J = 5.4 Hz, 2H, NCH,CH=CCOy),
3.63 (s, 2H, NCHPh), 5.17 (s, 2H, CO.CH.Ph), 6.98 (t, J = 5.6 Hz, 1H, CH=C)), 7.42 — 7.19 (m, 10H,
CHar). oc (CDCls, 101 MHz) 25.6 (NCH2CH2) 26.4 NCHCH:CHy), 53.1 (NCH.CH=C), 57.6
(NCH2CH_), 61.4 (NCHPh), 66.6 (CO,CH2Ph), 127.2 (CHa), 128.9 - 128.2 (4 x CHa), 136.4 (CHa/),
136.5 (CHar), 139.0 (CH=CqCO,) 141.2 (CH=CCO,), 167.8 (CO.Bn). HRMS (ESI*) m/z:
[M+H]* Calcd for C21H23NO, 322.1807; found 322.1808.

Compound (£)-8b: 7-methyl-2,3,4,7-tetrahydro-N-benzyl-azepane-O-benzyl-5-carboxylate.
CO,Bn Following general procedure 1, substrate 7b (79 mg, 0.24 mmol) was heated and
stirred at 40 ‘C for 17 h in DCM. Purification by silica gel chromatography
N (Et.O/petrol, 1:19 to 1:4 as eluent) afforded the title compound (63 mg, 80%) as a
N"cH clear oil. vmax /cm™ (neat) 3031, 2927, 2849, 1703, 1495, 1369; &+ (CDCls, 400 MHz)
) 3 131(d,J=7.1Hz Me), 143 - 1.58 (1H, m , NCH,CHH), 1.62 - 1.77 (m, 1H,
NCH.CHH), 2.57 (1H, t, J = 12.0 Hz, NCH,CH,CHH) 2.80 — 2.90 (2H, m , NCHH
and NCH,CH,CHH), 3.00 (1H, td, J = 14.0, 4.1 Hz, NCHH) 3.56 (1H, d, J = 13.8 Hz,
NCHHPh), 3.68 (1H, d, J = 13.8 Hz, NCHHPh), 3.77 (1H, pent, J = 7.1 Hz, NCHCH3), 5.18 (2H, AB
g, CO2CH2Ph), 6.86 (1H, d, J = 6.0 Hz, CH=CCO), 7.18 — 7.41 (10H, 10 x CHa). éc (CDCls, 101
MHz) 17.7 (Me), 21.3 (NCH:CHy), 26.5 (NCH.CH>CH,), 52.1 (NCH.), 53.4 (NCH.Ph), 56.9
(NCHCHg), 66.7 (CO2CH2Ph), 126.9 (CHar), 128.3 — 128.7 (4 x CHar), 134.2 (Cqar), 136.4 (Cga),
140.2 R(CH=CCO,), 147.1 (CH=CHCO,), 167.9 (CO2Bn). HRMS (ESI*) m/z: [M+H]* Calcd for

C22H2sNO; 336.1964; found 336.1962.

Ph

Compound (z)-8c: 7-benzyl-2,3,4,7-tetrahydro-N-(4-methoxybenzyl)-azepane-O-(4-methoxybenzyl)-
5-carboxylate.

CO,PMB Following general procedure 1, substrate (60 mg, 0.13 mmol) was heated and stirred

N at 40 "C for 3 days in DCM. Purification by silica gel chromatography (Et.O/petrol,

1:9 to 3:7 as eluent) afforded product as a clear oil (25.6 mg, 43%). vmax/cm™ (neat)

Ph 2930, 2835, 1703, 1612, 1511, 1453, 1245. 5 (CDCls, 400 MHz) & 1.38 —1.47 (1H,

PMB m, NCH,CHH), 1.70 (1H, g, J = 12.1 Hz, NCH,CHH), 2.53 (1H, t, J = 12.1 Hz,

NCH,CH,CHH), 2.79 — 2.93 (3H, m, NCHHCH. and CHCHH and NCH,CH,CHH), 3.02 — 3.12 (2H,

m, NCHHCH; and CHCHH), 3.53 (1H, d, J = 13.6 Hz, NCHHPh), 3.70 (1H, d, J = 13.6 Hz, NCHHPh),
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3.78 (3H, s, OMe), 3.81 (3H, s, OMe), 3.89 (1H, q, J = 7.4 Hz, NCH) 5.10 (2H, s, CO,CH), 6.80 (2H,
d, J=8.0 Hz, 2 x CHa), 6.85 — 6.92 (3H, m, CH=CCO; and 2 x CHa), 7.12 (2H, d, J = 7.9 Hz, 2 x
CHay), 7.17 - 7.32 (TH, m, 7 X CHar). 6¢c (CDCls, 101 MHz) 20.4 (NCH2CHy), 26.9 (NCH2CH,CHy),
39.0 (CHCH2Ph), 52.2 (NCH2Ph), 52.7 (NCHy), 55.3 and 55. 4 (2 x OMe), 62.9 (NCH), 66.4 (CO2.CHy),
113.7 7, 114.0 (CHar), 126.2 (CHar), 128.4 (CHar), 129.3 (CHar), 129.9 (CHar), 131.9 (Cqar), 135.4
(CH=CCO,), 139.5 (Cgar), 145.6 (CH=CCO), 158.6 (Cgar), 159.6 (Cgar), 167.8 (CO2). HRMS (ESI*)
m/z: [M+H]" Calcd for C3oH33NO4 472.2488; found 472.2492.

Compound (%)-8e: 7-methyl-2,3,4,7-tetrahydro-N-(4-methoxybenzyl)-azepane-O-(4-
methoxybenzyl)-5-carboxylate.

co,pmB Following general procedure 1, compound 7e (317 mg, 0.77 mmol) was heated to

40 °C for 15 h in dry DCM. Purification by silica gel chromatography (Et,O/petrol;

N 1:9 to 3:7 as eluent) afforded product as a clear oil (240 mg, 76%). d4 (CDCls, 400

MHz) 1.28 (3H, d, J 7.0 Hz, Me), 1.41 — 1.50 (1H, m, CH,CHHCH,), 1.55 — 1.73

’F\>IMB Me (1H, m, CH,CHHCH?), 2.53 (1H, dd, J 13.4, 10.5, CHH-Cy=), 2.77 — 2.86 (2H, m,

NCHHCH; and CHH-C4=), 2.97 (1H, dt, J 13.8, 4.3 Hz, NCHHCH,), 3.60 (1H, d, J

13.6 Hz, NCHHA), 3.49 (1H, d, J 13.7 Hz, NCHHAr), 3.71 - 3.82 (7H, m, 2 x OMe and CHMe), 5.06

—5.15 (2H, AB g, OCH:Ar), 6.80 — 6.84 (3H, m, =CH and 2 x CHa), 6.87 —6.92 (2H, m, 2 x CHa/),

7.18-7.22 (2H, m, 2 x CHar) and 7.29 — 7.34 (2H, m, 2 x CHa); ¢ (CDCls, 101 MHz) 17.6 (CHMe),

21.3 (CH2CH2CH>), 26.5 (CH2-C4=), 52.1 (NCH2CH.), 52.7 (NCH-Ar), 55.4 (OMe), 56.3 (OMe), 66.5

(OCH2Ph), 113.7 (2 x CHar), 114.0 (2 x CHar), 128.5 (Cg), 129.8 (2 x CHar), 130.1 (2 x CHay), 132.2

(Cy), 134.7 (CH=C,), 147.0 (=CH), 158.6 (C40Me), 159.6 (C4OMe) and 168.0 (CO.PMB); HRMS
(ESI") m/z: [M+H]* calcd for C24H30NO4 396.2176; found 396.2170.

2 mmol scale ring expansion with reduced (5 mol% Pd) catalyst loading

Following a modified general procedure 1, compound 7e (884 mg, 2.20 mmol) was heated to 40 °C for
15hindry DCM (11 + 18 mL) using [Pd(allyl)Cl]. (20.5 mg, 0.56 mmol), P(OEt)s (38 pL, 0.22 mmol),
morpholine (78.6 pL, 0.91 mmol) and TFA (172 pL, 2.2 mmol). Purification by silica gel
chromatography (Et,O/petrol; 1:9 to 1:4 to 3:7 as eluent) afforded the product as a clear oil (646 mg,
73%). Spectral data was as reported above.

Compound (£)-8f: 7-methyl-2,3,4,7-tetrahydro-N-(4-methoxybenzyl)-azepane-O-(4-
methoxybenzyl)-5-carboxylate amide.

coNHpPme Following general procedure 1, substrate 7e (57.7 mg, 0.15 mmol) was stirred at

S 40 °C for 15 h in MeCN. Purification by silica gel chromatography
Q (NHs/EtOH/DCM, 1:99 to 4:96 as eluent) afforded product as a clear oil (31 mg,
N Me 54%). vmax/cm™ (neat) 3315, 2928, 2835, 1651, 1612, 1510, 1463, 1300, 1244.
PMB dn (CDCls, 400 MHz) 1.27 (3H, d, J = 7.2 Hz, CHMe), 1.42 — 1.51 (1H, m,
NCH.CHH), 1.73 (1H, g, J = 11.5 Hz, NCH.,CHH), 2.53 (1H, t, J = 12.2 Hz, NCH,CH,CHH), 2.72
(1H, dd, J = 15.2 Hz, 7.0 Hz, NCH2CH,CHH), 2.82 (1H, ddd, J = 14.2, 10.9, 4.1 Hz, NCHH), 2.98 (1H,
td, J =14.1, 4.2 Hz, NCHH), 3.49 (1H, d, J = 13.4 Hz, NCHHPh), 3.59 (1H, d, J = 13.4 Hz, NCHHPh),
3.69 — 3.83 (7H, m, 2 x ArOMe and CHMe), 4.35 — 4.47 (2H, m, CONHCHy), 5.97 (1H, t, J = 5.7 Hz,
CONH), 6.18 (CH=CCON), 6.82 (2H, d, J=8.2 Hz, 2 x CHa/), 6.87 (2H, d, J =8.2 Hz, 2 X CHa/), 7.17
—7.27 (4H,m, 4 X CHa;). HRMS (ESI*) m/z: [M+H]* Calcd for C2sH30N203395.2335; found 395.2333.
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Compound ()-8g: 2,3,4,7-tetrahydro-N-(benzyl)-5-phenylazepane.
ph Following general procedure 1, substrate 7f (40 mg, 0.15 mmol) was heated to 75 "C for

17.5 h in dry MeCN (2.0 mL). Purification by silica gel chromatography (Et>O in petrol
N\  containing 0.5% EtsN, 5:95 to 1:4 as eluent) afforded product as a clear oil (38 mg, 95%).

vmax fcm™ (film) 2970, 2802, 1601, 1493, 1446 and 1365; &1 (CDCls, 400 MHz) 1.81 (2H,

N dd, 5.5, 5.3, NCH2CHy), 2.72 — 2.78 (2H, m, NCH2CH.CH,), 2.99 (2H, t, J 5.6, NCH,CH)),

§ 3.33 (2H, d, J 6.1, NCH,=CH=), 3.70 (2H, s, NCH,Ph), 5.93 (1H, t, J 6.0, =CH), 7.20 —

Ph 728 (2H, m) and 7.28 — 7.38 (8H, m); &c (CDCls, 100 MHz) 25.2 (NCH,CH;), 32.2

(NCH2CH,CH), 52.8 (NCH,=CH=), 58.9 (NCH.CH,), 60.3 (NCH.Ph), 125.9 (2 x CHa/), 126.8

(CHa:), 127.0 (=CH), 127.0 (CHar), 128.3 (2 x CHa/), 128.3 (2 x CHa), 129.1 (2 x CHa,), 139.3

(Cq=CH), 144.3 (Cg) and 146.4 (Cy); HRMS (ESI*) m/z: [M+H]* Calcd for C1oH2:N 264.1752; found
264.1750.

Compound (£)-8h: 7-methyl-2,3,4,7-tetrahydro-N-(benzyl)-5-phenylazepane.

Ph Following general procedure 1, substrate Z-7g (57 mg, 0.2 mmol) was heated and
stirred at 80 ‘C for 15 h in MeCN. Purification by silica gel chromatography
d (EtOAc/petrol containing 2% EtsN, 1:9 to 3:7 as eluent) afforded product as a clear oil
N e (40 mg, 70%). vmax/cm* (neat) 3024, 2922, 2845, 1599, 1493, 1451. &y (CDCls, 400
) MHz) 1.35 — 1.49 (4H, m, CHMe and NCH,CHH), 1.94 (1H, g, J = 12.1 Hz,
Ph NCH.CHH), 2.77 (1H, dd, J = 14.8, 6.6 Hz, =C4PhCHH), 2.83 — 2.93 (1H, m,
=C4PhCHH), 3.00 (1H, t, J = 12.9 Hz, NCHH), 3.11 (1H, dt, J = 14.3, 8.3 Hz, NCHH), 3.60 (1H, d, J =
13.8 Hz, NCHHPh), 3.74 (1H, d, J = 13.8 Hz, NCHHPh), 3.94 (1H, p, J = 6.9 Hz, NCHMe), 5.79 (1H,
d, J = 5.7 Hz, CH=C4Ph), 7.19 — 7.47 (10H, m, 10 X CHar). éc (CDCl3, 101 MHz) 19.8 (NCH.CH),
20.3 (CHMe), 32.5 (C4PhCH?>), 50.7 (NCH2Ph), 53.6 (NCH>), 56.5 (NCHMe), 125.9 (CHa), 126.8 and
126.9 (2 x CHay), 128.3 and 128.4 and 128.9 (3 X CHar), 133.6 (CH=C4Ph), 140.9 (CH=C4Ph), 144.0

and 144.1 (2 x Cqar). HRMS (ESI*) m/z: [M+H]* Calcd for CzoH23N 278.1909; found 278.1906.

Compound (£)-8i: 7-methyl-2,3,4,7-tetrahydro-N-(benzyl)-5-phenylazepine.
A flame dried Schlenk tube underwent three vacuum/argon

Ph
Me cycles. To this tube [Pd(allyl)Cl]. (2.8 mg, 7.5 x 10 mmol)
| N was added followed by one more vacuum/argon cycle before
_ adding dry MeCN (0.7 mL) with stirring. P(OEt); (5 uL, 2.9
N~ “Ph N™ “Me
Bn )

x 102 mmol) was added followed by morpholine (5 pL, 5.7 x

Ph 102 mmol). The mixture was stirred at rt for 5 min until a

yellow solution had formed. 400 pL (~60%) of the catalyst

mixture was removed. Substrate E-7g (17 mg, 0.061 mmol) was dissolved in dry MeCN (1 mL) under

argon and added to the Schlenk tube. TFA (4.7 pL, 0.061 mmol) was added. The mixture was heated

to 80 "C. after 15 h the reaction was allowed to cool to rt. Standard work up gave a dark oil. 'H NMR
yield using DMF as internal standard showed a 66% yield.

Compound (z)-8i: 7-methyl-2,3,4,7-tetrahydro-N-(methyl)-5-phenylazepane.
Ph Following general procedure 1, substrate 7h (44.2 mg, 0.22 mmol) was heated to 80 'C
in MeCN for 15 h. Purification by silica gel chromatography (EtOH/NH3/DCM + 0.5%
d EtsN, 1:99 to 5:95 as eluent) afforded the product as a yellow oil (30 mg. 68%). Vmax/cm
! (neat) 3022, 2959, 2926, 2842, 2793, 1598, 1492, 1445; 54 (CDCls, 400 MHz) 1.28
II\\I/Ie Me (3H, d, J = 6.9 Hz, CHMe), 1.41 — 1.51 (1H, m, NCH,CHH), 1.84 — 1.97 (1H, m,
NCH>CHH), 2.34 (3H, s, NMe), 2.65 — 2.87 (2H, m, =C,CH,), 3.15 — 3.22 (2H, m,
NCHy), 3.79 (1H, p, J = 6.8 Hz, CH=C¢Ph), 7.18 — 7.36 (5H, m, 5 X CHa); éc (CDCls, 101 MHz) 19.9
(CHMe), 20.6 (NCH2CH>), 32.5 (C4(Ph)CHy), 35.4 (NMe), 56.7 (NCHMe), 59.2 (NCH:CH.), 125.9
(CHa), 126.8 (CHar), 128.3 (CHar), 133.4 (CH=CPh), 144.1 (Cqyar), 144.5 (CH=C4Ph); HRMS (ESI*)

m/z: [M+H]" Calcd for C14H1gN 202.1597; found 202.1593.
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Compound (%)-8j: 7-isobutyl-2,3,4,7-tetrahydro-N-(benzyl)-5-phenylazepine.
Ph Following general procedure 1, Substrate 7i (58 mg, 0.18 mmol) was heated to 80
°C for 16.5 h in MeCN. Purification by silica gel chromatography (Et.O/petrol,
N M 1:99 to 1:4 as eluent) afforded the product as a clear oil (30 mg, 52%). Vmax /cm™
€ (film): 3050, 2952, 2923, 1452 and 1365; & (CDCls, 400 MHz) 0.94 (3H, d, J 7.4,
N M CHMeMe), 0.96 (3H, d, J 7.5, CHMeMe), 1.28 — 1.38 (1H, m, NCH,CHH), 1.47
© (1H,dd, J14.0, 7.1, NCHCHH), 1.70 (1H, dt, J 14.3, 7.2, NCHCHH), 1.80 — 1.97
Ph (2H, m, CHMe; and NCH,CHH), 2.76 (1H, dd, J 14.7, 6.3, NCH,CH,CHH), 2.86
(1H, app. t, J 13.3, NCH,CH,CHH), 2.97 (1H, dd, J 14.6, 12.1, NCHHCH,), 3.13 (1H, d, J 14.6,
NCHHCHy), 3.57 (1H, d, J 13.8, NCHHPh), 3.69 (1H, d, J 14.0, NCHHPh), 3.79 (1H, g, J 7.2, NCH),
5.76 (1H, d, J 5.8, =CH), 7.18 — 7.36 (8H, m) and 7.39 (2H, d, J 7.6); 6¢c (CDCls, 101 MHz) 19.1
(NCH2CHy), 22.8 (Me), 23.1 (Me), 25.1 (CHMey), 32.8 (NCH:CH.CHz), 43.7 (NCHCH), 50.0
(NCH2Ph), 54.4 (NCH2CH,), 58.6 (NCH), 125.9 (2 x CHa), 126.7 (CHar), 126.9 (CHar), 128.3 (2 x
CHar), 128.3 (2 x CHar), 128.9 (2 x CHa), 133.3 (=CH), 141.0 (C4=CH), 144.1 (C) and 144.5 (Cy);

HRMS (ESI*) m/z: [M+H]* Calcd for CasHzgN 320.2378; found 320.2374.

Compound (£)-8k: 6-methyl-2,3,4,7-tetrahydro-N-(benzyl)-5-phenylazepine.
Ph Following general procedure 1, Substrate 7i (58 mg, 0.18 mmol) was heated to 80 'C

N\ for 16.5 h in MeCN. Purification by silica gel chromatography (Et.O/petrol, 5:95 to
Me 4.6 as eluent) afforded the title compound (30 mg, 40%) as a pale yellow semi-solid.

N Vmax fem (film) 2922, 1599, 1492, 1453 and 1440; x4 (CDCls, 400 MHz) 1.55 (3H, s,

L Me), 1.79 (2H, p, J 5.7 Hz, NCH,CH}), 2.54 — 2.64 (2H, m, NCH,CH,CH), 2.94 (2H,

Ph t,J5.5, NCH,CH,), 3.32 (2H, s, NCH2-CMe), 3.73 (2H, s, NCH,Ph), 7.11 - 7.41 (10H,

m, 2 x Ph); 8¢ (CDCls, 101 MHz) 22.1 (Me), 26.0 (NCH,CH>), 35.3 (NCH,CH,CHy),

58.7 (NCH2CH>), 59.5 (NCH,CMe), 60.6 (NCH2zPh), 126.0 (1 x CHa,), 127.1 (1 x CHa,), 128.1 (2 x

CHa), 128.2 (2 x CHar), 128.3 (2 x CHay), 129.1 (2 x CHay), 132.4 (Cy), 139.3 (Cy), 139.8 (C,) and
145.3 (Cq); HRMS (ESI*) m/z: [M+H]* calcd for Ca1H2sN 292.2067; found 292.2059.

Compound (x)-8lI: 7-methyl-2,3,4,7-tetrahydro-N-(5-methyl-2-furyl)-azepane-O-methyl-5-
carboxylate.

CO,Me Following general procedure 1, substrate 7k (31 mg, 1.2 x 10 mmol) was

heated and stirred at 80 °C for 15 h in MeCN. General work up gave a

N yellow oil. Purification by silica gel chromatography (Et.O/petrol, 1:9 to

1:1 as eluent) afforded product as a clear oil (17.6 mg, 57%). vmax/cm™

Me_ O Me (neat) 2925, 2850, 1708, 1567, 1435, 1369, 1255. 64 (CDCls, 400 MHz)

\ / 1.30 (3H, d, J=7.0 Hz, CHMe), 1.39 — 1.50 (1H, m, NCH,CHH), 1.68 (1H,

q, J = 12.8 Hz, NCH.CHH), 2.25 (3H, s, ArMe), 2.50 (1H, dd, J = 15.4.

10.9 Hz, NCH,CH,CHH), 2.82 (1H, ddd, J = 15.6, 7.6, 2.4 Hz, NCH,CH.CHH), 2.94 (1H, ddd, 14.3,

10.6, 3.6 Hz, NCHH), 3.14 (1H, dt, J = 14.1, 4.1 Hz, NCHH), 3.55 (1H, d, J =14.2 Hz, NCHHA), 3.64

(1H, d, J =14.2 Hz, NCHHA), 3.73 (3H, s, CO:Me), 3.81 (1H, p, J = 7.0 Hz, CHMe), 5.84 (1H, d, J =

2.9 Hz, CHa), 6.03 (1H, d, J = 3.0 Hz, CHa/), 6.77 (1H, d, J = 5.8 Hz, CH=CCQO). éc (CDCls;, 101

MHz) 13.8 (ArMe), 18.5 (CHMe), 20.3 (NCH.CH>), 26.7 (NCH,CH:CH), 45.3 (NCH2Ar), 52.1

(CO:Me), 53.2 (NCH), 56.0 (CHMe), 107.0 (CHar), 109.1 (CHar), 135.1 (CH=CCOy), 146.5

(CH=CCO,), 151.1 (Cqar), 151.9 (Cqgar), 168.4 (COMe). HRMS (ESI*) m/z: [M+H]* Calcd for
C15H2:NO3 264.1600; found 264.1595.

pd
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Compound (x)-8m: 7-methyl-2,3,4,7-tetrahydro-N-(2-pyridyl)-azepane-O-methyl-5-carboxylate.
CO,Me Following general procedure 1, substrate 71 (49 mg, 0.19 mmol) was heated and
stirred at 45 'C for 15 h in DCM. Purification by silica gel chromatography
N (NHs.EtOH/DCM, 1:99 to 5:95 as eluent) afforded product as a clear oil (24 mg,
49%). (51) vmax/cm™ (neat) 2929, 2851, 1706, 1650, 1589, 1433, 12588.

N" M
N ® 54 (CDCls, 400 MHz) 1.30 (3H, d, J = 7.3Hz, Me), 1.42 — 1.53 (1H, m,
[ NCH,CHH), 1.65 — 1.79 (1H, m, NCH,CHH), 2.54 (1H, t, J = 12.0 Hz,
/ NCH,CH,CHH), 2.78 — 2.97 (2H, m, NCHH and NCH,CH,CHH), 3.04 (1H, dt,

J=13.9, 4.3 Hz, NCHH), 3.73 (3H, 5, CO;Me), 3.74 — 3.84 (3H, m, NCHPyr
and NCHMe), 6.8 (1H, d, J = 5.7 Hz, CH=CCO,), 7.11 (1H, t, J = 6.8 Hz, CHa;), 7.43 (1H, d, J = 7.8
Hz, CHa), 7.62 (1H, t, J = 7.6 Hz, CHa/), 8.49 (1H, d, J = 4.8 Hz, CHa). 8¢ (CDCls, 101 MHz) 18.0
(Me), 21.5 (NCH2CHy), 26.5 (NCH,CH,CH,), 52.0 (CO.Me), 53.2 (NCH,), 55.5 (NCH,Pyr), 56.8
(NCHMe), 121.9 (CHa/), 122.7 (CHay), 134.9 (CH=CCO,), 136.6 (CHa,), 146.7 (CH=CCO), 149.2
(CHar), 160.9 (Cgar), 168.5 (CO:Me). HRMS (ESI*) m/z: [M+H]* Calcd for CisH2oN20, 261.160303;
found 261.1601.

9.9.2 Compound (£)-8n: 2,3,4,7-tetrahydro-N-(2-bromobenzyl)-azepane-O-methyl-5-carboxylate.

CO;Me Following general procedure 1, substrate 7m (42 mg, 0.13 mmol) was heated to

N 70 °C in MeCN for 15 h. Purification by silica gel chromatography (Et.O/petrol,

1:99to 1:9 as eluent) afforded product as a clear oil (35mg, 83%). vmax /cm™* (neat)

Br N 2929, 2844, 2806, 2774, 17-6, 1434, 1261, 1225; 64 (CDCls, 400 MHz) 1.75 (2H,

p, J = 5.6 Hz, NCH2CHy), 2.65 — 2.68 (2H, m, =C,CH>), 2.89 (2H, t, J = 6.9 Hz,

NCH:CH=), 3.32 (1H, d, J = 6.0 Hz, NCH,CH,), 3.69 (2H, s, NCHzPh), 3.72

(CO:Me), 6.93 (1H, t, J = 5.8 Hz, CH=CCO,), 7.10 (1H, t, J = 8.1 Hz, CHa)),
7.26 (1H,t,J=6.7 Hz, CHa(), 7.45 (1H, d, J = 7.2 Hz, CHp/), 7.51 (1H, d, J = 7.2 Hz, CHa/); 8¢ (CDCls,
101 MHz) 25.8 (NCH2CHy), 26.2 (C4(CO,)CH>), 52.0 (CO;Me), 53.2 (NCH,CH=), 57.6 (NCH.CHy),
60.3 (NCH2Ph), 124.4 (Cqar), 127.5 (CHar), 128.5 (CHar), 130.5 (CHa), 132.8 (CHar), 136.5 (=C4COy),
138.5 (Cgyar), 140.8 (CH=CCO), 168.5 (CO-Me); HRMS (ESI*) m/z: [M+H]* Calcd for C1sH1sNO2Br
324.0599; found 324.0591.

Compound 8o.

ph Following general procedure 1, substrate 7n (52.8 mg, 0.17 mmol) was heated to 80
°C for 16 h in MeCN. Purification by silica gel chromatography (Et,O/petrol, 1:9 to
1:4 as eluent) afforded the product as a clear oil (38 mg, 72%). vmax /cm™ (neat) 3081,
3058, 3025, 2854, 2796, 1598, 1493, 1446; 61 (CDCls, 400 MHz) 1.18 — 1.52 (4H,
M, CHayclonexyy and 2 X CHHeyciohexyn)), 1.62 — 1.98 (4H, m, CHagyciohexyty and 2 X
CHH eyclonexyh), 2.22 (1H, d, J = 15.6 Hz, CqPhCHH), 2.45 (1H, dq, 11.5 Hz, J = 11.5,
3.9 Hz, NCHCH), 2.76 (1H, dt, J = 11.6, 3.6 Hz, NCHCH), 3.16 (1H, dd, J = 15.9, 5.3 Hz, NCHH),
3.26 (1H, t, J = 13.4 Hz, C4PhCHH), 3.50 (1H, dd, 16.1, 6.4 Hz, NCHH), 3.73 (1H, d, J = 14.1 Hz,
NCHHPh), 3.83 (1H, d, J = 14.1 Hz, NCHHPh), 5.87 (1H, t, J = 6.1 Hz, CH=C4Ph), 7.19 — 7.40 (10H,
m, 10 x CHAr); dc (CDC|3, 100 MHZ) 21.4 (CHZ(cyclohexyI)), 26.3 (CHz(cyc|ohexy|)), 27.2 (CHz(cyc|ohexy|)), 33.0
(NCHCH), 33.2 (C4PhCHz), 34.1 (CHa(cycohexyn), 46.8 (NCH2), 57.7 (NCH2Ph), 63.9 (NCH,, 125.9
(CHar), 126.8, 128.3 (CHar), 128.8 (CHar), 140.3 (CH=C4Ph), 144.0 (Cqar), 144.9 (Cyar); HRMS (ESI*)
m/z: [M+H]" Calcd for C2sN2oN 318.2222; found 318.2212.

-°N
H Bn
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Compound 8p.

Ph Following general procedure 1, substrate 70 (56 mg, 0.17 mmol) was heated to 80
°C in DCE for 63 h. Purification by silica gel chromatography (Et.O/petrol,
0.5:99.5 to 1.9 as eluent) afforded the title compound as a clear oil (18.4 mg, 33%,
SN d.r.=9:1). [a]*®% =-108.4 (c 0.19, DCM). vmax /cm* (neat) 3061, 3025, 2928, 2856,
H Bn € 1492, 1481; 8, (CDCls, 400 MHz) 1.13 — 1.38 (7H, m, CHMe and CHz(eycionexyl) 2 X
CHH(cyc|ohexy|)), 1.49 (lH, d, J =12.8 Hz, NCHCHH), 1.66 (1H, d, J = 8.0 Hz, CHCHCHH(CycmhexyD),
1.75 (1H, d, J = 12.5 Hz, NCHCH,CHH), 2.11 (1H, q, J = 12.0 Hz, NC4,CHH), 2.23 (1H, d, J = 14.9
Hz, =C,CHH), 2.34 (1H, d, J = 12.1 Hz, NCHCH), 2.67 (1H, dt, J = 12.3, 3.5 Hz, NCH), 3.27 (1H, t, J
= 13.3 Hz, =C(CHH), 3.59 (1H, d, J = 15.3 Hz, NCHHPh), 3.59 (1H, d, J = 15.3 Hz, NCHHPh), 4.05
(1H, p, J = 6.8 Hz, CHMe), 5.75 (1H, d, J = 5.7 Hz, CH=C4Ph), 7.12 — 7.42 (10H, m, 10 X CHa/); 6c
(CDCls, 100 MHz) 21.3 (CHMe), 21.6 (CHZ(cyclohexyI)), 26.9 (CHZ(cycIohexyl)), 27.3 (NCHCH), 27.7
(CHa(eyciohexyny), 33.1 (=C4CH>), 48.2 (CHMe), 50.0 (NCH2Ph), 60.1 (NCH), 125.8 (CHar), 126.4 (CHa),
126.9 (CHa), 128.2 (CHar), 128.4 (CHar), 142.2 (Cgar), 143.5 (=C4Ph), 144.4 (Cqar); HRMS (ESI¥)
m/z: [M+H]* calcd for CasHxgN 332.238; found 332.2377. Stereochemistry was assigned via NMR
spectroscopy as shown in S81-85.

Compound (£)-8q: 2,3,4,5,8-pentahydro-N-(benzyl)-6-phenyl-azacylco-oct-6-ene.
Ph Following general procedure 1, substrate 7p (78 mg, 0.28 mmol) was heated to 80 'C in
N MeCN for 15 h. Purification by silica gel chromatography (EtOH/NH3:DCM, 1:99 to
5:95 as eluent) afforded the title compound as a light-yellow oil. (53 mg, 68%) (58) Vmax

N fem (film) 2919, 2803, 1598, 1493, 1451 and 1347; 84 (CDCls, 400 MHz) 1.67 — 1.80

L (4H, m, 2 x CHy), 2.70 — 2.75 (2H, m, NCH.CH,), 2.87 (2H, t, J 5.5, =C4-CH), 3.32
pn (2H,d, 7.1, NCH-CH=), 3.66 (2H, s, NCHPh), 5.93 (1H, t, J 7.0, =CH) and 7.21 —
58 7.42 (10H, m); 8¢ (CDCls, 100 MHz) 24.3 (CH,), 28.4 (CH,), 29.6 (CH2-C¢=), 51.3

(NCH2-CH=), 54.6 (NCH2CH), 61.2 (NCH.Ph), 124.5 (=CH), 126.0 (2 x CHa), 126.9
(CHar), 127.0 (CHar), 128.3 (2 x CHay), 128.4 (2 x CHar), 129.1(2 x CHar), 139.8 (C4=CH), 142.6 (Cy)
and 143.9 (Cq); HRMS (ESI) m/z: [M+H]" Calcd for CxoH23N 278.1909; found 278.1906.

Compound (£)-8r: 8-methyl-2,3,4,5,8-pentahydro-N-(benzyl)-6-phenyl-azacylco-oct-6-ene.
ph  Following general procedure 1, substrate 7q (41.8 mg, 0.14 mmol) was heated to 80
\ °C for 16 h in MeCN. Purification by silica gel chromatography (Et.O/petrol, 1:99 to
1:1 as eluent) afforded the product as a clear oil (8.4 mg, 20%). vmax /cm™ (neat); &n
N (CDCls, 400 MHz); 1.37 (3H, d, J = 6.1 Hz, CHMe), 1.46 — 1.63 (2H, m,
k Me NCH.CH2CH), 1.79-1.90 (2H, m, NCH2CH), 2.53 — 2.66 (2H, m, NCHH and
Ph CPhCHH), 2.71—2.81 (1H, m, CPhCHH), 3.07 (1H, t, J = 12.0 Hz, NCHH), 3.50 91H,
d, J = 13.3 Hz, NCHHPh), 3.79 — 3.94 (2H, m, NCHHPh and NCHMe), 5.75 (1H, J =
8.0 Hz, CH=CPh), 7.13 — 7.46 (10H, m, 10 x CHa,); 8c (CDCls, 100 MHz); 19.1 (CHMe), 22.9 (NCH
CH2CHy),, 28.7 (NCH.CHy), 29.0 (C,PhCH,), 51.4 (NCHCH=), 53.1 (NCH,), 65.9 (NCHPh), 126.2
(CH=C4Ph), 126.8 and 126.9 (2 xCHa), 128.3 and 128.4 (2 xCHa/), 129.0 (2 xCHa/), 140.6
(CH=CPh), 143.7 (Cqar); HRMS (ESI*) m/z: [M+H]* Calcd for Cz:1Hz6N 292.2067 ; found 292.2059.

Compound (S)-8b: 7-methyl-2,3,4,7-tetrahydro-N-benzyl-azepane-O-benzyl-5-carboxylate.

CO,Bn Following general procedure 1, substrate (R)-7b (80 mg, 0.25 mmol) was heated and
stirred at 40 ‘C for 15 h in DCM. Purification by silica gel chromatography
N (Et.O/petrol, 1:9 as eluent) to afford the title compound as clear oil (63 mg, 79%).
N [0]®p =-8.6 (c 0.224, DCM). Analytical data was as reported above. Samples suitable
) 3 for XRD were produced by slow evaporation from petrol. The compound was
analysed by HPLC under the following conditions: Mobile phase: 98 % Water + 1 %
acetic acid, 2 % acetonitrile + 1 % acetic acid. Flow rate: 0.75 mL/min. Injection

volume: 100 L. Detector: 254 nm. Column: (R,R)-WHELK-01, 30 cm. Column temperature: 26 °C.

Ph
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Racemic standard of 8b.

MWD1 A, Sig=254 4 Ref=off (Aidan\def_LC 2021-11-25 10-57-56002-P1-D2-JK-AM-013 D)

8
6494
—— 5218

BnO>C ~ngn

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e I |- | oeeee |- e

1 6.494 BB 0.1265 271.20667 31.49378 63.3991

2 8.218 BB 0.0658 156.57019 35.29240 36.6009
Totals : 427.77686 66.78618

Enantio-enriched 8b from the above reaction.

MWDT A, Sig=254 .4 Ref=off (Aidan\def_LC 2021-11-25 15-25-531003-P1-D3-Charlie Sample.D]
LLYU

177

e
1 2 3 4 5 [ 7 8

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %

e e e [ <o |-ommmeee
1 6.511 BB ©.1291 9.07326 9.88302e-1 5.2562

2 8.177 BV R 0.0684 163.54776 35.08807 94.7438

Totals : 172.62102 36.07637

Compound (R)-8b: 7-methyl-2,3,4,7-tetrahydro-N-benzyl-azepane-O-benzyl-5-carboxylate
CO,Bn Following general procedure 1, the substrate (R)-7s (86.8 mg, 0.26 mmol) was heated at
N 40 °C in DCM for 16 h. Purification of crude by silica gel chromatography (Et.O/Petrol,
1:9 to 3:7 as eluent) afforded the title compound as a clear oil (66 mg, 76%). [a]®p =

lé] Me +8.3(c0.124, DCM). All other spectral data was as given above.
n

3.11 Derivatisation reactions.

Compound (£)-16a

To a stirred solution of compound 8b (40 mg, 0.12 mmol) and N-(methoxymethyl)-N-
(trimethylsilylmethyl)benzylamine 15 (100 uL, 90% purity, 0.35 mmol) in DCM (3 mL) at 0 °C under
nitrogen was added TFA (10 uL, 0.13 mmol) and the reaction allowed to warm to rt overnight. After 22
h further N-(methoxymethyl)-N-(trimethylsilylmethyl)benzylamine (50 pL, 90% purity, 0.18 mmol)
was added and the reaction stirred for a further 14 h. The mixture was diluted with DCM (15 mL) and
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washed with sat. ag. NaHCOs (15 mL). The aqueous phase was extracted with DCM (15 mL) and the
combined organic phase dried (MgSO,) and evaporated to give a yellow oil. Purification by silica gel
chromatography (Et.O/petrol, 15:85 to 3:7 as eluent) afforded the product as a clear oil (50 mg, 87%).
vmax /cm (film) 2926, 1728, 1494, 1454, 1364 and 1190; 84 (CDCls, 400 MHz) 1.15 (3H, d, J 6.2, Me),
1.27-1.35 (1H, m, CH.CHHCH), 1.49 (1H, ddd, J 14.3, 13.8, 10.2, CH.CHHCHy), 1.69 (1H, app. t, J
12.9, NCH.CH:CHH), 1.88 (1H, t, J 9.3, NCHHCH), 2.02 (1H, d, J 9.6, NCHHC,), 2.18 (1H, dd, J
14.2, 6.4, NCH,CH.CHH), 2.51 (1H, ddd, J 14.5, 11.0, 3.0, NCHHCH.), 2.78 (1H, dt, J 14.5, 3.7,
NCHHCH), 2.98 (1H, dg, J 10.9, 6.4, CHMe), 3.08 (1H, t, J 8.3, NCHHCH), 3.31 (1H, dt, J 10.2, 8.0,
NCHCH), 3.34 (1H, d, J 9.5, NCHHC,), 3.39 (1H, d, J 13.2, NCHHPh), 3.49 (1H, d, J 14.3, NCHHPh),
3.59 (1H, d, J 13.2, NCHHPh), 3.80 (1H, d, J 14.4, NCHHPh), 5.15 - 5.26 (2H, AB-q, OCH>), 7.15 —
7.29 (10H, m, 10 x CHar) and 7.31 — 7.36 (5H, m, 5 X CHar); dc (CDCls, 101 MHz 20.6 (Me), 22.6
(CH2CH2CH), 33.9 (NCH2CH2CH), 46.7 (NCHCH), 48.9 (NCH2Ph), 52.2 (NCH.CH>), 56.5 (Cy),
59.2 (NCHMe), 59.8 (NCH2Ph), 61.0 (NCH.CH), 66.9 (OCH.), 67.3 (NCH:Cy), 126.5 (1 x CHa),
127.0 (1 x CHar), 128.1 (2 x CHar), 128.2 (1 X CHar), 128.3 (4 x CHar), 128.58 (2 x CHar), 128.63 (4
x CHar), 136.4 (Cg), 138.8 (Cy), 141.3 (C) and 176.9 (CO2Bn); HRMS (ESI*) m/z: [M+H]* Calcd for
Ca1H36N20,469.2855; found 469.2858. Stereochemistry was determined as shown on pages S86-90.

Compound (£)-16b
PMBO,C NBn To a stirred solution of compound 8e (51.5 mg, 0.13 mmol) and N-

: (methoxymethyl)-N-(trimethylsilylmethyl)benzylamine 15 (73.2 pL, 90%
z purity, 0.26 mmol) in DCM (3.2 mL) at rt under argon, TFA (11 pL, 0.14 mmol)
N was added. The mixture was stirred for 4 h, diluted with DCM (15 mL) and
pmp Me washed with saturated NaHCO; (15 mL). The ag. phase was extracted further
with DCM (15 mL), the combined organic phase was dried (MgSQ.) and evaporated to give crude
yellow oil (136 mg). Purification by silica gel chromatography (Et2O/CHCIs, 0:100 to 1:4 as eluent)
afforded the product as a clear oil (55 mg, 80%). vmax /cm™* (neat); 2960, 2928, 2834, 2787, 1725, 1611,
1510, 1453, 1364; 6n (CDCls, 400 MHz) 1.15 (3H, d, J = 6.4 Hz, CHMe), 1.23 — 1.32 (1H, m,
NCH,CHH), 1.38 — 1.51 (1H, m, NCH,CHH), 1.67 (1H, t, J = 13.1 Hz, NCH,CH,CHH), 1.88 (1H, t, J
=9.2 Hz, CHCHHNBn), 2.00 (1H, d, J = 9.5 Hz, C4(CO2)CHH), 2.12 - 2.22 (1H, m, NCH.CH,CHH),
2.48 (1H,t,J=12.6 Hz, NCHHCH,), 2.76 (1H, dt, 14.6, 4.0 Hz, , NCHHCH,), 2.96 (1H, dq, J = 12.7,
6.6, Hz, CHMe), 3.08 (1H, t, J = 8.2 Hz, CHCHHNBRn), 3.23 — 3.42 (4H, m, C4(CO,)CHH and
CHCHHN and NCHHArOMe) and NCHHPh), 3.59 (1H, d, J = 13.2 Hz, NCHHPh), 3.72 (1H, d, J =
13.2 Hz, NCHHArOMe), 3.77 (3H, s, ArOMe), 3.80 (3H, s, ArOMe), 5.15 (2H, A/B g, CO,CH,), 6.80
(2H, d, J =8.1 Hz, 2 x CHa), 6.86 (2H, d, J = 8.2 Hz, 2 X CHa/), 7.10 (2H, d, J = 8.1 Hz, 2 x CHa/),
722 — 7.32 (TH, m , 7 x CHar); &c (CDCls, 100 MHz) 20.7 (CHMe), 22.5 ( NCH2CH.), 33.9
(NCH,CH:CHy), 46.6 (CHCH,), 48.1 (NCH2PhOMe), 51.9 (NCH2CH.), 55.4 (ArOMe), 56.3 (C4CO5),
59.2 (CHMe), 61.0 (C4(CO2)CH2N), 66.7 (CO2CH.), 67.3 (CHCH:N), 113.5 (CHa/), 113.9 (CHa),
127.0 (CHar), 128,3 (CHar), 128.5 (Cqar), 128.6 (CHar), 129.8 (CHar) 130.3 (CHar), 133.0 (Cgyar), 138.8
(CHar), 158.4 (Cgyar), 159.6 (Cgar), 176.9 (CO2); HRMS (ESI*) m/z: [M+H]* calcd for CssHoN20O;
529.3068; found 529.3070. Stereochemistry was determined in an analogous manner to the compound
above as shown in S91-94.

Compound 16b: via in situ [3 +2] trapping

Me PMBOZC/,, NBn A flame dried Schlenk tube underwent three
| ' vacuum/argon cycles. To this tube [Pd(allyl)Cl]. (2.0
. “H mg, 5.5 x 10" mmol) was added followed by one more

QMB CO,PMB gMé’Me vacuum/argon cycle before adding dry DCM (0.5 mL)

with stirring. P(OPh); (5.8 uL, 0.022 mmol) was
added followed by morpholine (3.7 pL, 0.042 mmol). The mixture was stirred at rt for 5 mins until
yellow solution had formed. Substrate 7e (42 mg, 1.1 x 10"t mmol) was dissolved in dry DCM (1.1 mL)
under argon and added to the Schlenk tube. TFA (8.4 pL, 0.11 mmol) was added, the tube sealed and
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heated to 40 °C. After 2.5 h the mixture was cooled to 30 ‘C, and N-(methoxymethyl)-N-
(trimethylsilylmethyl)benzylamine 15 (62.5 pL, 90% purity, 0.22 mmol) and TFA (4.2 pL, 0.055
mmol) added. These additions were repeated after a further 2 h and 4 h. After 16 h the mixture was
cooled to rt, washed with saturated NaHCO; (15 mL) and extracted with DCM (2 x 15 mL). The
combined organic phase was dried (MgSQs) and evaporated to give an orange oil *H NMR yield using
DMF as internal standard. 79%). Purification by silica gel chromatography (Et.O/CHCIs, 1:99 to 1:3 as
eluent) afforded analytically pure material as a clear oil (38 mg, 65%).

Compound ()-17
To a stirred solution of compound 16b (54 mg, 0.10 mmol) in CHCI3 (2.6
mL) at rt under argon, 1-chloroethyl chloroformate (47 pL, 0.4 mmol) was
PMBO,C, N)K,< added dropwise. The mixture was stirred for 3 h then evaporated. The
residue was redissolved in MeOH (3.1 mL) under argon and stirred for 20
“H h then evaporated. The resulting secondary amine salt was dissolved in
N “Me DCM (3 mL) at rt with stirring under argon, EtsN (56 uL, 0.40 mmol) was
PMB added and the mixture cooled to 0 ‘C. Pivaloyl chloride (18.4 uL, 0.15
mmol) was added dropwise and the mixture allowed to warm to rt over 4 h. The mixture was diluted
with DCM (15 mL), washed with saturated NaHCOs (15 mL). The aq. phase was extracted once more
with DCM (15 mL) and the combined organic phase dried (MgSO.) to give a clear oil. Purification by
silica gel chromatography (EtOH/NH3/DCM, 1:99 to 4:96 as eluent) afforded the product as a clear oil
(35 mg, 67% over 3 steps). vmax /cm* (neat) 2957, 2933, 2836, 1724, 1611, 1511, 1409, 1245; 31 (CDCls,
400 MHz) (rotameric) 1.08 (3H, d, J = 6.4 Hz, CHMe), 1.18 (9H, s, COC(Me)s), 1.48 — 1.67 (2H, m,
NCHy), 1.89 (1H, t, J =12.3 Hz, NCH,CH,CHH), 2.00 — 2.08 (1H, m, NCH,CH,CHH), 2.53 — 2.66
(2H, m, NCH2CH,), 2.81 — 2.93 (2H, m, NCHMe and C4(CO2)CHHN), 3.39 — 3.63 (5H, m, NCHPh
and CHCH;N and CHCHHN and C4(CO,)CHHN), 3.75 — 3.85 (7H, m, 2 x ArOMe and CHCHHN),
5.08 (2H, A/B g, CO,CH.Ph), 6.80 (2H, d, J = 8.5 Hz, 2 x CHa/), 6.86 (2H, d, J = 8.6 Hz, 2 X CHa)),
7.12 (2H, d, J = 8.6 Hz, 2 x CHa/), 7.27 (2H, d, J = 8.5 Hz, 2 X CHar); dc (CDCls, 100 MHz); 15.1
(NCHMe), 23.9 (NCH2CH,), 27.6 (Cyq(Me)3), 38.9 (Cq(Me)s), 39.4 (CHMeCH), 50.2 (C4(CO,)CH,),
50.6 (NCH2CHj>), 51.2 (CHCH:2N), 52.5 (NCH2Ph), 55.2 (ArOMe), 56.4 (C4CO), 59.7 (NCHMe), 66.7
(CO,CH,Ph), 113.7 (CHar), 114.0 (CHar), 127.9 (CHar), 130.1 (CHar), 130.4 (CHa/), 132.2 (CHa),
158.7 (Cyar), 159.8 (Cgar), 175.3 (NCOy), 176.3 (C4CO2); HRMS (ESI*) m/z: [M+H]" calcd for
Ca1H42N20s 523.3174; found 523.3176.

Compound 18: Using enantioenriched 8e

Me—_Me To a solution of 8e (32 mg, 0.081 mmol) in CHCI; (3 mL) at rt under
argon was added 1-chloroethyl chloroformate (40 uL, 0.37 mmol) and the
reaction stirred at rt. After 3 h the mixture was concentrated in vacuo and

0 the residue dissolved in methanol (2.5 mL). After stirring for a further 3.5
O=S~N h the reaction was concentrated in vacuo and the residue dissolved in
o . CHCl; (2.5 mL) under argon. EtsN (75 pL, 0.054 mmol) and (+)-CSA-CI

R
Me' CO2PMB (37 mg, 0.15 mmol) were added and the reaction stirred at rt. After 3 h the
reaction was worked up (DCM/sat. aq. NaHCO3) and silica gel chromatography (EtOAc/petrol, 1:19 to
1:4 as eluent) afforded the title compound (29 mg, 73%) as a yellow oil. d.r. > 9:1. [a]*p = +62.6 (C
0.032, DCM). vmax fcm™* (film) 2954, 1745, 1707, 1613, 1515, 1455, 1334 and 1240; &4 (CDCls, 400
MHz) 0.86 (3H, s, CMeMe), 1.12 (3H, s, CMeMe), 1.36 — 1.42 (1H, m, C4CH,CHHCH), 1.39 (3H, d,
J 7.0, NCHMe), 1.62 (1H, ddd, J 13.8, 9.3, 4.5, CLCHHCH.CH), 1.69 — 1.80 (1H, m, NCH.CHH), 1.92
(1H, d,J 18.4, CHHC=0), 1.96 — 2.06 (2H, m, NCH.CHH and C,CH.CHHCH), 2.08 (1H, app. t, J 4.4,
CHCH.C=0), 2.36 (1H, dt, J 18.7, 3.8, CHHC=0), 2.46 — 2.55 (1H, m, C,.CHHCH,CH), 2.55 - 2.65
(IH, m, NCH,CH,CHH), 2.75 (1H, ddd, J 16.7, 6.5, 2.9, NCH.CH,CHH), 2.84 (1H, d, J 14.5,
CHHSO,), 3.30 (1H, d, J 14.5, CHHSO;), 3.28 — 3.35 (1H, m, NCHH), 3.72 — 3.79 (1H, m, NCHH),
4.82 - 4.90 (1H, m, NCHMe), 5.04 - 5.12 (2H, AB-q, CH.OAr), 6.78 (1H, dd, J 5.1, 1.9, =CH), 6.86 —
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6.90 (2H, m, 2 x CHa/) and 7.28- 7.31 (2H, m, 2 x CHa); d¢c (CDCls, 101 MHz) 18.5 (CHMe), 19.9
(CMeMe), 20.2 (CMeMe), 23.4 (NCH.CH.CH>), 25.4 (C4,CH.CH>CH), 27.0 (C,CH.CH.CH), 27.3
(NCH,CHy), 42.7 (CHHC=0), 42.8 (NCH), 43.0 (CHCH»C=0), 47.9 (CMe,), 49.7 (CH.SO), 52.6
(NCHMe), 55.4 (OMe), 58.6 (C4CH2S0>), 66.8 (CH20Ar), 114.0 (2 x CHay), 128.2 (Cqar), 130.2 (2 x
CHa), 133.3 (C4=CH), 142.8 (=CH), 159.7 (C4OMe), 167.6 (CO.CHAr) and 215.4 (ketone); HRMS
(ESI") m/z: [M+H]* calcd for C2sH3sNOsS 490.2265; found 490.2261.

Compound (£)-19
CO,PMB  To asolution of (£)-8e (80 mg, 0.20 mmol) in CHClIs (6 mL) at rt under argon

N was added 1-chloroethyl chloroformate (80 L, 0.74 mmol) and the reaction

stirred at rt. After 4 h the mixture was concentrated in vacuo the residue

N™ “Me dissolved in methanol (2.5 mL). After stirring for a further 3.5 h the reaction

Br o was concentrated in vacuo and the residue dissolved in DCM (3 mL). The

solution was cooled to 0 °C under argon and EtsN (120 pl, 0.86 mmol) and
3,5-dibromobenzoyl chloride (95 mg, 0.32 mmol) added to the stirred
Br mixture. After 75 min the reaction was partitioned between DCM and sat. aq.
NaHCOs and the organic phase dried (MgSQ,) and evporated. Purification by silica gel chromatography
(EtOAc/petrol, 1:9 to 3:7 as eluent) afforded the title compound (108 mg, 78%) as a clear 0il. vmax /cm’
1.2935, 1706, 1632, 1515, 1408 and 1245; 54 (CDCls, 400 MHz) 3:2 mixture of rotamers 1.33 (3H, d,
J 6.7, Me, (minor)), 1.40 (3H, d, J 7.2, Me (major)), 1.59 — 1.86 (2H, m, NCHCH. (major and minor,
plus C4CHH (minor)), 2.18 — 2.30 (1H, m, CqCHH (minor)), 2.31 — 2.43 (1H, m, C,CHH (major)), 2.79
(1H, d, J 15.1, C4CHH (major)), 3.10 (1H, dt, J 14.3, 7.3, NCHH (minor)), 3.27 — 3.48 (2H, m, NCH;
(major)), 3.81 (3H, s, OMe (major and minor), 4.31 (1H, dd, J 13.6, 6.6 Hz, NCHH (minor)), 4.48 —
4.58 (1H, m, NCH (minor)), 5.05 — 5.18 (2H, AB-g, OCH: (major and minor)), 5.45 — 5.55 (1H, m,
NCH (major)), 6.58 (1H, s, CHar (minor)), 6.80 (1H, m, CHar (major)), 6.85—6.92 (1H, m, =CH (major
and minor) and CHar (major and minor)), 7.27 — 7.35 (2H, m, 2 x CHar (major and minor)), 7.37 — 7.45
(2H, m, 2 x CHar (major and minor)) and 7.70 (1H, s, CHar (major and minor)); 8¢ (CDCls, 101 MHz)
18.4 (Me (major)), 19.4 (Me (minor)), 22.3 (C4CH2 (major)), 25.3 (C4CH2 (minor)), 26.5 (NCH.CH>
(major and minor)), 39.7 (NCH- (minor)), 43.8 (NCH> (major)), 50.7 (NCH (major)), 55.4 (OMe (major
and minor)), 55.5 (NCH (minor)), 66.9 (OCH_ (major)), 67.0 (OCH: (minor)), 114.1 (=CH (major and
minor)), 123.4 (=Cq4 (major)), 123.5 (=C4 (minor)), 128.0 (2 x CHar (major)), 128.2 (2 x CHar (minor)),
130.3 (2 x CHar (major and minor)), 131.5 (Cg), 133.1 (Cy), 135.2 (CHar (major and minor)), 139.7
(Cy), 140.0 (Cy), 141.1 (CHar (minor)), 142.5 (CHar (major)), 159.8 (C;OMe) (major and minor)), 167.1
(C=0 (major)), 167.3 (C=0 (minor)), 168.1 (C=0 (minor)) and 168.3 (C=0 (major)); HRMS (ESI*)
m/z: [M+H]* calcd for Cz3H24NO4Br; 538.0053; found 538.0051.

Compound (£)-20
CO,Me To a flame-dried Schlenk tube under argon were added Pd(OAc). (5.0 mg, 0.022
o mmol), PPhs (11.7 mg, 0.044 mmol), K.CO; (48.4 mg, 0.35 mmol) and
tetrabutylammonium chloride (17 mg, 0.061 mmol). The flask was evacuated and
N backfilled with argon (3x) and dry MeCN (3 mL) was added. The mixture was
stirred for 2 min, a solution of substrate 8n (74.0 mg, 0.228 mmol) in dry MeCN (6
mL) added and the mixture heated to 80 °C. After 15 h the mixture was cooled,
evaporated, and filtered through Celite, eluting with EtOAc. The filtrate was evaporated to give the
crude product as a brown oil. Purification by silica gel chromatography (EtOH/NH3z in DCM, 1% to 8%
as eluent) afforded the title compound as a yellow oil (22.4 mg, 40%). vmax/cm™ (neat) 3057, 3018,
2924, 2851, 1703, 1435, 1231; 61 (CDCls, 400 MHz) 2.09 (1H, dddd, J=17.0, 7.8, 4.9, 2.3, NCH,CHH),
2.48 (1H, ddt, J = 17.1, 10.8, 3.9 Hz, NCH:CHH) ), 3.11 — 3.25 (2H, m, NCH), 3.44 (2H, app. d, J =
3.1 Hz, NCH:CH), 3.80 (3H, s, CO:Me), 3.91 (1H, d, J = 17.4 Hz, NCHHPh), 4.16 (1H, CHC,CO>),
4.43 (1H, d, J = 17.4 Hz, NCHHPh), 7.00 — 7.09 (2H, m, 1 x CHar and CH=C,CO,) 7.11 — 7.23 (3H,
m, 3 x CHar); 6¢c (CDCls, 101 MHz); 26.9 (NCH2CH.), 35.1 (NCH:CH), 51.2 NCH.CH), 52.4 (CO:Me),
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53.2 (NCH.Ph), 53.7 (NCH2CH,), 125.4 (CHa/), 126.9 (CHas), 127.0 (CHay), 129.4 (CHa/), 133.2
(Cqar), 135.2 (Cq=CH), 140.0 (Cqar) 143.2 (C4=CH) and 168.4 (CO2); HRMS (ESI*) m/z: [M+H]* calcd
for C1sH1sNO, 244.1338; found 244.1332.
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4.0 NMR Spectra
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'H NMR (CDCl3400 MHz) of compound S12
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'H NMR (CDCIl3400 MHz) of compound S13
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'H NMR (CDCIl3400 MHz) of compound 7a
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'H NMR (CDCIl3 400 MHz) of compound 7b
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'H NMR (CDCIl3 400 MHz) of compound 7c
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'H NMR (CDCIl3400 MHz) of compound 7d
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'H NMR (CDCIl3 400 MHz) of compound 7e
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'H NMR (CDCIl3400 MHz) of compound 7f
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'H NMR (CDCIl3400 MHz) of compound 7I
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'H NMR (CDCl3400 MHz) of compound 7m
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'H NMR (CDCl3400 MHz) of compound 7n
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'H NMR (CDCIl3400 MHz) of compound S18
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'H NMR (CDCIl3400 MHz) of compound 7g
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'H NMR (CDCIl3 400 MHz) of compound Z-7h
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'H NMR (CDCIl3400 MHz) of compound E-7h
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'H NMR (CDCIl3400 MHz) of compound 7i
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'H NMR (CDCIl3400 MHz) of compound S19
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'H NMR (CDCl3400 MHz) of compound 7k
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'H NMR (CDCIl3400 MHz) of compound S25
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'H NMR (CDCIl3400 MHz) of compound S22
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'H NMR (CDCIl3400 MHz) of compound 70
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'H NMR (CDCIl3 400 MHz) of compound 7p

CPM7-79-F1
single_pulse

|:|Me

r2.2

F2.1

2.0

n o
J J s //J/ o

0.9
0.8
0.7
0.6
0.5
r0.4

0.3

0.2
0.0
—— — [-01
2 }
-
T
25

N
- ~-0.2
T
1

zzs{
v

901{

1.00 -

0.99

1.02

0.98
B 102{

T T T T T T
10.0 9.5 9.0 8.5 8.0 7.

T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.

f1 (ppm)

13C NMR (CDCI3 100 MHz) of compound 7p

CPM7-79-F1 [v=e
single pulse decoupled gated NOE

Me

o
w
wn
w
o

r0.34

H

0.32

F0.30
I:i E ’Ph Lo.28
lo.26
Fo0.24
Fo.22
F0.20
Lo.18
Lo.16
Fo.14
Fo.12
Fo.10

r0.08

+0.06
+0.04
+0.02
- A Aslis, L }o.00
S0 40 30 20 10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

S60



'H NMR (CDCl3400 MHz) of compound 7q
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'H NMR (CDCIl3 400 MHz) of compound 7r
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'H NMR (CDCIl3400 MHz) of compound S27
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'H NMR (CDCIl3400 MHz) of compound 8a
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'H NMR (CDCIl3 400 MHz) of compound 8b
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'H NMR (CDCIl3 400 MHz) of compound 8c
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'H NMR (CDCIl3 400 MHz) of compound 8e
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'H NMR (CDCIl3400 MHz) of compound 8f
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'H NMR (CDCIl3400 MHz) of compound 8g
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'H NMR (CDCl3400 MHz) of compound 8h
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'H NMR (CDCIl3400 MHz) of compound 8i
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'H NMR (CDCIl3400 MHz) of compound 8j
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'H NMR (CDCIl3400 MHz) of compound 8k
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'H NMR (CDCIl3400 MHz) of compound 8l
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'H NMR (CDCIl3400 MHz) of compound 8m
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'H NMR (CDCIl3400 MHz) of compound 8n
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'H NMR (CDCIl3400 MHz) of compound 8q

JK6-150f2 1
single_pulse

r0.75

r0.70
r0.65
r0.60
r0.55
r0.50
r0.45
r0.40
r0.35
r0.30
r0.25
r0.20
r0.15
r0.10
r0.05
r0.00

16°'S
mm.mw
S6'S

JJ

W (244

W 90'
€02
Fse1
F voz

F oot

%Nm.oﬁ

45 4.0 35 30 25 20 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

13C NMR (CDCI3 100 MHz) of compound 8q

JK6-150f2 1

9.0 8.5 8.0 75 7.0 65 6.0 5.5

9.5

Fu.12
r0.14

€EPT —
TP8Z~
SS°6C

€E°TS —
65YS —

0T'19 —

€5°b21
S.mﬁ/
8921 /

co'LeT

vE'8TT
0p'82T
[4ras

6L'6ET ~
95°THT ~
S6'EPT

single pulse decoupled gated NOE

r0.13
r0.12
r0.11
r0.10
r0.09
r0.08
r0.07
r0.06
r0.05
r0.04
r0.03
r0.02
r0.01
r0.00
r-0.01

110 100 9 8 70 60 50 40 30 20
f1 (ppm)
S78

120

Ph
180 170 160 150 140 130

190

200



'H NMR (CDCIl3 400 MHz) of compound 8r
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'H NMR (CDCIl3400 MHz) of compound 80
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'H COSY interactions of compound 8p
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IH-13C HSQC interactions of compound 8p
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'H-13C HMBC interactions of compound 8p
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IH-NOESY interactions of bicyclic amine 8p
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'H NMR (CDCIl3400 MHz) of compound 16a
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'H COSY interactions of compound 16a
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IH-13C HSQC interactions of compound 16a
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1H-13C HMBC interactions of compound 16a
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IH NOESY interactions of bicyclic amine 16a
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'H NMR (CDCIl3400 MHz) of compound 16b
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'H COSY interactions of bicyclic amine 16b
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IH-13C HSQC interactions of bicyclic amine 16b
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'H-NOESY interactions of bicyclic amine 16b
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'H NMR (CDCIl3400 MHz) of compound 17
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'H NMR (CDCIl3400 MHz) of compound 18
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'H NMR (CDCIl3 400 MHz) of compound 20
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5.0 X-ray Crystallography Data

Experimental

Single crystal diffraction data were collected at 150 K on a XtaLAB Synergy HyPix-Arc 100
diffractometer using copper radiation (Acuka= 1.54184 A) equipped with an Oxford Cryosystems
CryostreamPlus open-flow N> cooling device. Intensities were corrected for absorption using a
multifaceted crystal model created by indexing the faces of the crystal for which data were
collected.!? Cell refinement, data collection and data reduction were undertaken via the software
CrysAlisPro.'*

All structures were solved using XT!® and refined by XL!¢ using the Olex2 interface.!” All non-
hydrogen atoms were refined anisotropically and hydrogen atoms were positioned with idealised
geometry, with the exception of those bound to heteroatoms, the positions of which were located
using peaks in the Fourier difference map. The displacement parameters of the hydrogen atoms
were constrained using a riding model with Uy set to be an appropriate multiple of the Ueq value
of the parent atom.
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Crystal structure determination of (S)-6: jkpw001 It fa (C2H2sNO>)

Table 1 : Crystal data and structure refinement for (S)-8b jkpw001 It fa.

Empirical formula Ca2H25NO;
Formula weight 335.43
Temperature/K 150.0(2)

Crystal system monoclinic

Space group P2,

alA 6.9158(3)

b/A 7.5748(3)

c/A 17.5449(6)

a/° 90

/e 94.912(3)

v/° 90

Volume/A3 915.73(6)

Z 2

Peacg/cm?® 1.217

wmm' 0.606

F(000) 360.0

Crystal size/mm?3 0.25 x 0.18 x 0.05
Radiation CuKo (A=1.54184)
20 range for data collection/° 10.12 to 153.884
Index ranges -8<h<8,-9<k<8,-21<1<21
Reflections collected 10179

Independent reflections 3474 [Rint = 0.0379, Rsigma = 0.0335]
Data/restraints/parameters ~ 3474/187/228

Goodness-of-fit on F2 1.079

Final R indexes [[>=25 (I)] R:=10.0459, wR> = 0.1257

Final R indexes [all data] R1=0.0484, wR, =0.1277

Largest diff. peak/hole / e A= 0.19/-0.26

Flack parameter 0.1(2)
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Crystal structure determination of: S28 jkpw003 fa (CssH49eCI-NOgS)

Table 1 : Crystal data and structure refinement for jkpw003_fa.

Empirical formula C3sHa9CIlaNOgS
Formula weight 730.71
Temperature/K 150.0(2)

Crystal system orthorhombic
Space group P21212;

alA 7.14570(10)

b/A 14.9447(3)

c/A 33.7430(7)

a/° 90

/e 90

v/° 90

Volume/A3 3603.43(12)

Z 4

pcalcglcm3 1.347

wmm'? 2.613

F(000) 1552.0

Crystal size/mm?3 0.25 x 0.07 x 0.01
Radiation CuKo (A=1.54184)
20 range for data collection/°5.238 to 156.494
Index ranges -3<h<8,-14<k<18,-40<1<36
Reflections collected 18158

Independent reflections 7049 [Rint = 0.0363, Rsigma = 0.0422]
Data/restraints/parameters ~ 7049/788/554

Goodness-of-fit on F? 1.057

Final R indexes [[>=25 (I)] R:=0.0530, wR> =0.1233

Final R indexes [all data] R1=0.0617, wR, =0.1275

Largest diff. peak/hole / e A 0.49/-0.35

Flack parameter 0.032(8)

S101



6.0 Density Functional Theory Data

All DFT calculations were carried out using the Gaussian16 software package.'® For each compound,
conformation searches were performed using the confab method in Open Babel,*® using RMSD and
energy cut-offs of 1.0 A and 5.0 kcal mol™, respectively. All identified conformers were then
optimised in the gas phase at the B3LYP/6-31g(d) level, 2 as used successfully in previous ring
expansion studies.?? Vibrational calculations were used to verify the identification of minimum energy
geometries by the absence of any calculated negative frequencies, and to determine the Gibbs energy

of each structure at 298.15 K.
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